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ro THE HONOURABLE: | 


1 | DIRECTORS OF THE UN ITED COMPANY OF MERCHANTS | 
TRADING 10 THE EAST INDIES. 


GENTLEMEN, 


N Conſequence of your 1 to the CoMmirTTEE of SHIPPING, I was 
honoured with the Permiſſion to dedicate to You my former Edition of the 
Leg uke deduced from Obſervations of the Sun, Moon, and Stars — which Im- 
preſſion being ſold, I have at the Deſire of my Friends, in your Hoxours Employ, 
printed a New Edition of that Work, with many Additions and Improvements | 
effentially neceſſary to be known by Your Officers, for their determining the Lati- 
tude and Longitude in ſtormy Weather, with Certainty, both by Sun and Moon; 


having for that Purpoſe calculated a Table of the Limits of the Times for mak- 


ing the Obſervations, and for all Declinations of Sun or Moon, and all Latitudes 
to 60 Degrees—To this (together with the eaſy and accurate Method of obtain- 
ing the Longitude at Sea, from Celeſtial 7 I have alſo added the 
Method of Surveying Coaſts and Harbours with a Log: line and Azimuth Compaſs: 


That theſe, with the other Improvements, may merit Your Howouss Approbation, 7 


and produce me Encouragement to make further Improvement in the Art of 
Navigation, eſpecially for che Benefit of all Perſons Tenn to the Eaſt Indies, i 1s 
the ry: Jes =. : : 


GENTLEMEN, | 
"Your mal obliged, 
moſt reſpectful, 
15 and obedient Servant, 


Su urry-Side, Weſminfer-Bridge, 
* zoth, 1778. 


ROBERT WADDINGTON. 


” 


N the following Trakt, I have 1385 every Method of obtaining the Latitude, from 


Obſervation, whereby a ſufficient Degree of Accuracy may be produced And ſuch 


Methods as probably might not be productive of ſuch Effect, I have entirely omitted; as 


the Mariner, by ſuch, might be led into an Error of fatal Conſequence. The Rules, 
and the Two Large Tasrss of Liars in p. 4, 5, 6, being duly regarded, the Latitude 
may always be depended upon. The Longitude of a Ship, alſo will be determined with 


ſufficient Preciſion by thoſe who are properly acquainted with the Method of Calculation 


and Obſervation, with the Aſſiſtance of a Nautical Almanac and a good Octant or Sextant— 


the Sextant has no Advantage over the Octant except in making Obſervations, when the Dif- 


tances of the Sun and Moon exceed go degrees. But as a much greater Number of Ships 
are conducted from one Port to another without the Help of theſe Methods—to thoſe who 
have only their Dead Reckonings to truſt to (in reſpe& of Longitude) I recommend Care 


In chuſing Books whoſe Traverſe T ables are accurate, as alſo the Tables of Sun's Declination. 


By comparing ſome good Old Book with the New Ones, you will ſoon ſee the Cauſe why 


| ſuch bad Rec Hangs have been kept—as * of my 8 of late We which 


1 have peruſed. 
— — — — — - = | 5 — 8 — —— — — 
; 3 | N | Page. 
To 0 find the lat. of a place by obſerving the meridian altitude of the moon „„ 
0 To find the time the moon riſes and ſees - „ ö 
To find the latitude by taking three altitudes = — 8 5 — 2 
To find the lat. by taking two altitudes and the elapſed rime, with the tables of limits - 48 
_ To find the true time by obſerving the altitudes of the fun Oo = n 8 . 
To reduce degrees and minutes into time Alſo general canons to find the alt. of fun, moon or ſtar 10 
To compute the obſervation for finding the longitude of a a thip at lea © _—_- 2 
Laus of refraction and reflection - - egy e — 1323 —16 
A table of refraction os x . 8 5 08 
Ol parallaxes, and the apparent increaſe of moon 's diameter ; „ — 18, 19 
A table of parallax of the moon's altitude „ „FFC — 20, 21 
Examples of longitudinal calculations THEY - - = 22—26 
A table to convert the diff. between the reduced diſt and that of the Ephemeris into longitude = By 
Of the folar ſyſtenmn — — — — 28—30 
To find the altitude of an object with a Hadley? 8 quadrant and artificial horizon | „„ 


Of ſurveying caſts and harbours Os 5 . — 33140 


Cy by o>oIS 


mme 


of 


1 Pp + Ei N 'Y I X. 


To find the browns of a \Birte, or Price, by obſervie- the 
Meridian Altitude of the Moon. 


Pg 


Art. 1. 7 IND the time that the moon paſſes your meridian reduce it to the in By 
Fo | Greenwich, then find the declination of the moon at that time: or find the 
time, by the Nautical Ephemeris, that the moon paſſes the meridian of Greenwich; and 
then for every 15 of longitude you are Weſt, to add 2 minutes of time, to the time of its 
paſſing that meridian but for each 15 Eaſt, ſubtract 2 minutes, and the reſult will be the 
time to which the declination and the parallax of the moon are to be found. 
Degrees of longitude, 15, 30 45 60 75 90 105 120 135 1385 * 180 OW. 
Moon paſſes mer. later 2 4 6 8 10 12 14 16 18 24 Add. 
{ But if your longitude be Eaſt, the moon paſſes the meridian fooner, by the minutes of 
time under the degrees of longitude, as above, which ſubtract. 
Art. II. To reduce the obſerved altitudes of the moon to true altitudes. 5 
Part 1. Find the moon's horizontal parallax and ſemidiameter, by the Nautical Ephemeris 
for the given year. = 
2. Enter the table of panne with the apparent or obſerved altitude of the upper or 
lower edge, and take out the parallax of altitude. (p. 96.) 
3. To the obſerved altitude of the lower edge of "he moon, add its half diameter ; hs 
if the upper edge was obſerved, ſubtra& the half diameter, and add the difference between 


the parallax of altitude and the TRE, and the reſult will be the true altitude of the 
| moon. „ | 


When the Time of the RISING and SETTIN G of the MOON is required. 


I. Find the declination of the moon at 6 h. before, and at 6h. After the time of her 
| paſſage over the meridian. 

2. Enter the table in p. 97, with the latitude and declination, and at the . of meeting 
is the time to be applied to 6h. which will nearly give the times of the riſing and ſetting of 
the moon's upper edge, before and after her paſſing the meridian. 


moon was Wee to be 61. 500. 


By Almanac, the horizontal parallax of the moon is 564, and the half diameter of the 
moon 15/4 


Now by 1 Me p- 96, with 62⁵ altitude, and «6's Batz parallax, i is 26, the parallax 
of the moon at that alntucke. Alſo for half Maereter 152, and refract. 1 is 16 ſubtract 


The diff. is 10 


T o 61% 0% 
Add oo . 10 the diff. between the parallax of alt. the refraction, and half diameter. 
Gives 62 . 00 the true altitude of the center of the n moon. 


Z. D. on S 
Decl. 21. 19 N. by Nautical Almanac. e 
Lat. 2 5 19 N. 1 "4 


Ex. 2, Suppoſe the merid. alt, of the moon's * edge, che 2oth of OR: be obſerved ; 
4 47. 56'S. in longitude 56? -. 
_ Half diameter add oo . 16 


Apparent alt. of moon's center 48 12 * 


By Almanac, the moon on the meridian of Greenwich at 16 h. 1 16 m. 
For 560 W. longitude, add, as per table, above 7 


Moon on the meridian of the ſhip, at 16 . 25 F. 1 
A 0 


Ex. 1. At ſea, the 18th of Feb. 1777» the merten altitude of the upper edge of the 1 


324 96 „ — c 


To find the declination; take the af berween the declination of the moon at midnight of 
the zoth, and the noon following, which is 33“; then, 
As 12 ; h, is to 3 3” o 18 * the time after midnight, to Lond | And 33˙ 
Add decl. 22% 0 


"True decl. 22 N T2)143(12 nearly. 


Moon” s horizontal parallax 59/2 2, and with 178 altitude nearly, I find by Table, p. 96, 
the moon's parallax at that altitude to be 39'% , refraction 175 the difference 38˙? > which 
added t to the apparent altitude of the center, gives | 

I) he true altitude 48. 50/4 S. 
85 TD. 41.0078 
| Moon' s declination 22. 24 N. at 16 h. 23's after the noon of the 2oth day. 
Lat. 63. 33: N. 


2 — Se 


Ex. 3. The 11th of December, 1777, at dt 1 time will the moon riſe and ſer, in the 


| latitude 47. 40 N. and longitude 106*E. the moon paſſes the meridian of Greenwich at | 


90. go m. p. u. moon's declination 125 N. nearly? By Table, p. 97, under 480, and 
againſt 125 decl. is o h. 55 m. to be added to 6 h. which gives 6 h. 55 m. the ſemi- diurnal 
arch of the moon above the horizon. Hence it is manifeſt that time muſt be ſubtracted 
from the time of the moon paſſing the meridian, the remainder will be the time of her riſing 
nearly; and that quantity added to her time of paſhng the e will be the time of 
: * ans Thus gh. zom. 95 
Subtract and add 6 55 
Time of moon's riſing 2. 35 vu 7 8 | hs 
Time of ſerting | Ke _16 — 1 3% ͤĩ ?é[kÿ⁵: 10 . 


To find the DECLINATION of the MOON, when ſhe paſſes that Meridian which 3 is 


85 106* E. from Bre ich. 


4 Thet time of paſſing the meridian is gh, 30 Moon's declination at noon 95. 27 N. 
For 0 E, ſubtat . At midnight 12 . 05 N. 
Moon paſſes merid. of the place at TE . Increaſe | in 12 h. — 
The moon's declination then 29 N. * e 2 = 1 
ont yok As Os in 3 0. 40 
Do. at ſetting 13 01 | | for 1 08; 


Alactesſt in gh. 168 2 02 
Add to declination at noon 23 22 


True declination 1 1 x 29 N. 


For 7h. before and after paſſing the meridian, ſubtract and add 1. 32 


Diff. 9 5 
Sum 2 2 


— 
_ 


To find the Time of the RISING and SETTING of the MOON, at t the Place 106K. 
By Almanac, moon paſſes the meridian at gh. 16 N 
By Table, under the latitude, and againſt the declination, 105 is 6. 45 ſub. 
And againſt the declination 2 at the time of ſetting 13 is — 59 add 


F herefore the time of riſing is 2 . 31 P.M. 
And of ſetting _ „ 


— 


Art. III. To find the VARIATION of the NEEDLE * = 7 
Make the obſervations in all reſpects as with the ſun; and reduce the mean of the ob- 


ſerved altitudes, to the true r find the true declination of the moon to the 
time 


5 


1 


1 (as i in Art, I.) ha compute the true azimuth, as in the ſun's, by Rule 2. p. 100. 


time 


And note, when the moon is in the Eaſtern part of the horizon, to find which way the 
needle varies, by the general Rule in p. 90, Art. 5. 

N. B. The variations may be obtained by the moon, nearly as well as by the ſun, 
which I have Experienced by a conſiderable number of obſervations, both at ſea and on 
ſhore. 

At Portſmouth, in September, 1764 I found the variation, by the mean of cight | 


obſerved azimuths of the ſun, to be 19“ 35 W. 


And by the mean of by the moon 19 40 W. 
_ e the variation at London 20 25 
| aa atthe Nore 20 055 
at t abe ne” 22 00 85 


A New MET HOD to find Ae LATITUDE at SEA, * as much Oman as >-by 8 


Meridian obſervation, provided I hree Altitudes of the Sun can be taken at equal Inter- 
vals of Time, under the Circumſtances noted 1 in 155 . Table. 


— 7 7 8 7 FE Ae — =. Since the RY OR . may always be known 
> pe = *. Ober + ped width the limits of the firſt column; you will 
Alt. not leis not greater 7 * N A therefore know the proper intervals of time to be 
[| then —_ prom Moon taken between the obſervations, as noted in the 
C exceed 2d and 3d columns. You may likewiſe generally 
CC ß whether your neareſt obſervation to the me- 
65 6 [10 % 15 | ridian happens within the limits of the 4th col. 
60 8 | iz | o 18 | which particulars correſponding, thn 
55 10 | 15 ] © '24 | Note, If the ſhip does not alter her courſe or 1 
50% 12 | 20 { © 30 | failing conſiderably, during the time of the obſer- 
45 14 | 24 V vation, no allowance for her motion need be made. 
P81: 3-10 441 GENERAL RULE. 
35 | 18 30 © 5o | Take the leaſt altitude from each of the other 
30 „„ two, then from 4 times the leſſer difference, take 
a5 2036 I © | the greater, and from the remainder take the 
20 | 20 9 3 — greater difference, and then divide the ſquare of 


the firſt remainder, by 4 times the 2d remainder, 


the quotient will be the minutes to be added to the leaſt alritude, which ” the me- 


ridian altitude, _ 

Remark I. When the 1ſt and za atitudes happen to be equal, the 2d attitude 3 is the me- 
ridian altitude. © 
Remark II. W 1 the two firſt, or tie two laſt (of the three obſervations) nv to be 
equal, the inſtant of noon is the middle tine between them; then add part of the diff. 


between one of thoſe equal altitudes, and the leaſt, to one of the equal altitudes, the ſum 


will be meridian altitude. 


E > 1790 per Watch, Sept. 16th, 
By watch, at 1th, o“ Alt. Sun 41% 27 


11. 20 * 3 
EF „ 
Leſſer diff. 0. 56 times 4 is 224 
Greater -Þ 0. 92 — 
= Firſt remainder © 132 ſquared is 17424 


Far u 
Second remainder 40 cimes 4 is 160 5 
J 


® Tine to Noon, 3 1s the time before Noon ; and time from Noon, is the time aſter noon. 


(4) 
By General Rule. . 


E TAINLIOY 1, 49“ to which! Ex. 2. At rh. 50 —4 zh. 17 | 
Mer. alt. of the Sun 43. 16 44 12 UB $O=—=42 , 40; | 
Z. D. 46. 448 e . DISH, £3 las 
Beg. „, N AT OT 
Lat. 4. 17N, I Sun's mer. A as before 4212 
A TABLE of the Hours of Time (before Noon and after Noon) that the Altitudes of the 
Bun may be taken, in order to obtain the Latitude, by means of two Altitudes, and the 
Time elapſed between the Obſervations, when the Lat. and Decl. are of the ſame Name. 
| Lat. Dec 1*]Dec. z3*]Dec 5*|Dec. 2 Dee. 9 Bec. 115 Dec. 13®[Dec: 1. 5 Dec. 15e Dec. 19® Dec. 21[Dec. 235 
[s n. m. h. m. nh. m. h. mjh. m. h. m. h. m. h. m. h. m. h. m. h. m. h. m 
| 2 lo. 600. 6. 2000. 350. 54/1. 7 2 1 . 5802 . 202 , 3803 © 
4. 20%. 6Þ. 60.240. 420 . 801. 14 L . 4802 802 . 2802 48 
| © so. 25/0. 2000 5 . 1000. 2800 400 + 55 51 . 35] . 50% . 100 . 35 
8 ſo. 5000 35%. 2000. %o. % 240, 40 „ et 300 50% 10 
10 |1 . oo. 450. 3300. 2000. Jo. 7%. 2000. 354. 52]. 10ſt . 3001. 0 
2 11. 151. PR 22: 0c Re 0e aL, Ot eat oo 
114 1 25|t. 10[t . ofo . 466. 33% 22/0. 60. bo 6% . 451. gt . 23 
16 [1 . 4001. 27]t . 10[t.. oo. 4800. 340 . 220 « blo. 6 . 2500. 4001. 0 
118 1. 42. Joſt . 2001. 800. 530. 4200 30 0 1 201 . '7jo 70 230 . 45] 
20 [. 35/1. 44/1 . 32/1 . 22. oſt . oo . 48Þ . 33%. 200 . Jo. 7% . 26 
22.12 . 51 Af 4911-2251 20% 8% 500 4 440 - 326 2000 %o 7 
24 |2 . 10]2 . /. 5001 . 40 1. 2801 . 1801. 6%. 54%. 4200 . 3oſo . 2000 — 7 
| 26 [2 . 2002 . 102. oft. 51. 411 . 3oſt . 200. 800. 560. 4300 32]0 . 20 
28 z. 2802 . 1802. 801. 58|r . 48|1 . 4oſt . 3001. 20ſt . 80. 5600. 450 . 33 
30 12 . 34/2 . 282 . 15]2 . 0/1 . 58 I . 50/1 . 4oſt . 3oſt . 2001 . 10% . 5500 . 45 
32 z. 42 342. 2512 . 152. 7. 57. 4801 . 400% 30%. 20ſt . 10. © 
34 2 Gola . 4212 32/2 . 232. 142 2 Ot For. 40» 30% 221 10 
36 2 5 402 3802. 3002 . 22/2 152 6 5501 4801 - 40] 30/1 209 
| 39 3 2992. 5002 42% 3602 . 282 2002 122. 2 3601 4801 3801. 28 
| 40 [3- 62. 56. 48/2 . 42. 34/2 27 . 20% . 12/2. %. 56ſt . 480 . 40 
42 13 - 103 - 212 - 552 4802. 40]2 . 32/2 . 2602 . 200 . 1212 . 4j1 + 11 50 
44 3 . 153. 83. O. 56. 462 . 40 . 3212 . 27]2 . 20% . 122. 4j2 . © 
46 3. 183. 133. 713 « Of2 . 5212 452 . 4002 3 282 2892 122 6 
483.223 1803 · 1103. 5%. 8. 522. 402. 4002. 34/2 2802 . 20]2 . 13 
503. 273. 2213 . 1603. 103. 42. 5862 . 53]2 40 . 40 . 35/2 . 2802 . 20 
52 3. 303. 2513 » 2003. 133. 83. 22 57% 3% ie ini 28 
| 54 [3 . 223 . 2713 « 2213 183 . 1213 612 oi . 59/2 3002 « 45]2 40/2 . 35 
| 56 3. 353. 3213 « 2513 . 2003 . 163. 1003. 53. Of . 5512 , oſs . 45]2 . 40 
58 3. 383. 343. 303. 2513 . 20/3 . 143. 993. 53 + 2 . 550. 592 . 46 
1 60 13-4093 3013 3213 « 2713 + 22/3 » 18]3 « 12:3 » 813 « 413 lz . 50(2 . 52 


Note. In the table, at the angle of meeting, under the declination, and againſt the 
latitude, is the time, before or after Noon, when the poſition, or azimuth of the ſun, dos 
not exceed 60? from the meridian, or 5 points; within which limits the altitudes ſhould 
be taken; and the nearer one of the latitudes is taken to or from noon the better. 


. 


A A LE of the Limits of che Time continued, as Lat wad: and Deelination of 
| TIED contrary Names. | 


* 


U | : 
5 | | . 
7 Þ $ l | : 
[> + 49]2 + 5213 » 53 » IP » 37]3 + 444 « Of4 - 15/4 5 5 
JJV) 
2 + 5413 « 513 - 15]3_- 27] + 45204. — 4. 224 - 35 
503. 3 - I3]3 « 2513 + 35]3 + 44]3 + 5% 84 25/4 . 38 
563. 713 + 1513 » 2913 · 3883 45] * Of4 - 1214 . 27/4 . 49 
13 - 14/3 + 2413 » 333 4363 52]4 - 3/4 + 154 . 2814 . 40 
1003. 203. 2803. 3663 4663 56% 64 184 30 4 4 
153 + 23 + 323. 403 5 % . 9. 204 30% 4% 
93283. 36/3 - 44/3 + 32 + 24 „194 - 21]4 . 3004 4% 
33 - 323 « 38]3 + 453 + % % + 12] » 22/4 « 3214 + 40 
813 35/3 43. 59]3 5804. 9% + 14]4 2304 32/4 42 
393 - 38/3 « 46|3 - 52/4 - Oſ4.+ 84 - 1514 - 2414 - 32| Set. 
3» 42/3 + 49]3 + 5-4 - 2|4 . 10 » 17]4 - 25]4 330 
213 - 48/3 - 5414+ of. 64 124 1814 . 26] Set. ES 
413 + 5913 + 5514 « 04. 64 - A 398 „ 
66.523 574 108 13/4 . 19]4 . 26] EY 
3 + 42/3 + 48]3 - 53/3» 5814 —.— „66 
„ 544» ++ e 94 - 136. 20] , HH IS 
— 8. 12 . * 14 1 | | 


WS When one of the aitades is made near the 1 b of the n ime, as in the 
column, that the interval of time ſhould be an Hour or more z and the nearer one of them 
is taken to noon the better. 
| To find the lat. (of a ſhip at ſea, or of * a place) by obſerving two altitudes of the ſun, 7 
and the time elapſed between the obſervations. Aſſume the lat. from the ſhip's reckoning, 
as near as you can, and find the declination of the ſun to the time of the greater altitude; ; 
| then find the half ſum of the co-lat. polar diſt. and the great zenith diſt. and ſubtract the 
0 co-lat. from the half ſum. | Subtract alſo the polar diſt. from it; and then obſerve theſe 


CTRL CANO 
Canon 1. To the fines co-ar. of the co-lar. and polar diſt. add the fines of the two di if. 
| ferences, contained between the half ſum and the co-lat. and polar diſt, and half the ſum of 


| theſe logarithm fines, will be the Ling of half the angle of time, to or from noon, when the lels 
Alt. was faken, | wy 


Zoe BR, 2 Pp Canon. 
Note, Dec. for Declination. 


3% 6 * 

Canon 2. Say, as R : co-t. of the decl. : co- . of the angle of the time to or from noon 
of the greater alt.; t,. of the diſt. of the perpendicular fram-the pole: 0 a Ar 4 

Note 1ſt. If the Ince and declination be of different names, then the polar diſt. and 
the diſtance of the perpendicular from the pole is greater than go?. In which caſe the fup. 
plement of its diſtance, by-the 2d Canon, 1s to be taken, as in the above example. 

Note 2d. By polar diſt. is meant the degrees and minutes the ſun is from the pold of the 
ſame name as the latitude ; and when the polar dift. exceeds 9005, The 315 watt wane? 2 ex 
ceeds 90? therefore the ſupplement will be its diſtance. 

Note 3d. When both altitudes are taken before or after noon, Shen gon the Ing of the 

time of the leſs altitude to be the time to or from noon, when the greater altitude was 
taken. But if one obſervation be made in the forenoon and the other in the afternoon, then 

the time of the leſs altitude, taken from the 1 time, gives the time of the greater 
altitude. | 


Canon 3. Say, as S. decl. : to co- . polar diſt. of the perpendicular : 82 ; co-l. of the leſs 


_ zenith ft. : the co.. of the perpendicular from the zenith. 


Then from the polar diſt.. of the ee, take the dif, of t the perpendicular from 
werb, and * co-lat. will remain. = ; 1 


Ex. In the Lat. 5. 30 N. The Can? 8 decl. 189. 30 5 


5 ſhip ACC. 51 26 1 Sun' 17 108 . 1 
per Watch. At th. o“ P. lt. Zenith diſtance 71. 14 
At 1. 40 Zenith diſtance 73. 20 5 
- Elapſed time . 40 100 the angle of the __ tine. 1 


Co- lat. 385. 34— 0,2052 16 5 
Polar diſt. 108 , 30 — 0,023043 5 IF 
The greater Z. D. 73.20 | 9,9777293 5 % LS EITRSS, TN 
Sum 220, 243847263 : 
Sum 110. 12 18 6778185 
I. 38 338907 | 
pw Diff ; Wo! . Al E I 29, 36; which doubled will be the 
Angle of time from noon at leaſt alt. 25 , 13 24, R: co- tan. of 18. 30 '—10,475480 
Deduct the angle of time elapſed 10. of :: co-ſ. of 13. 13 — 9,984500 
Angle of time from noon at gr. alt. 18 . 13 t. of 70. $523 =10,459980 


Nuten ſup. is Is the Alt. of perp. "From he 2 — —— - 


—_— 


3d. 8. of FRY 195 300 „ 
2 0o.ſ. of yo. 52 2—9, 513384 
N 4 71 + 14 —94507471 _ 
: co-ſ. of 70. 36 —9,c21 
Polar diſt of perp. a IT 2 379 : 
l The dif- 38. 31+ 1s the co-lat, | 
Hence the lat. 51 . N 


2 ——— 


Note, If rhe lat. reſulting be greater than that EY * the double of che 1 
to that aſſumed: but if that reſulting be leſs, ſubtract che double difference, and you will 
have the lat. nearly. Then make your 2d aſſumption and computation. By aſſuming 10 


too much, the reſult was o“ leſs than that aſſumed; and by aſſuming 10“ too little, the reſult 
was 6 more than that aſſumed. 


Aſſumed lat. 512. 20' the reſult is 51%. 26' 
Add half the difference TT Ss 


Lat. 51. 28 2 FEST SEO Ng 
"Ther true hag was 81. 20 N. e carr dls. 
REMARKS, 


Note, Z. D. for Zenith diſtance, or co· alt. 


KS. 


1 1 
J. When 1 ladtude ! 18 "Aimed rod little, and one alt. taken before, and "the" 6ther after 
will be too litt! 


Wang s 


noon, ..the Kak, t will be too much; when it is aſſumed too much, the latitude reſulting 
but the contrary, when both altitudes are taken before, or both after noon. 

II. When the ſhip differs her latitude (between the obſervations) towards the ſun, add 

that difference of latitude to the firſt altitnde, and the place of ' obſervation will be reduced 

to that where the 2d altitude was taken : But if — it will be reduced to the place 


of the firſt altitude, and the contraty.” ph kg ED 
III. When the ſhip differs her longitude Eaſt, add the minutes of vitae mt between 

the obſervations, to the elapſed By of time; but if you have made WW elt longitude ſub- 

tract it, and you will Rave the 0 clapſed x time corrected, with VAR you are to work, 


as follows: 
| Suppoſe the time 4 Tis alt, x 11h. o/ AM. 
of 2d 1. 40 p. 11. 
: | Elapſed time 2 40 405. 0 I he angle of clapſed time 
2 of time from noon at the leaſt alt. 23. 13 * de ioeegoing Ex. 
| 4 of time from noon at the gr. alt. 14. 42 5 
This 4 1 time by ad Canon gives 70. 5 
81 Its ſup. 109. 98 
* 3d Canon 70.38 3 
By i Co. lat. 38.27 which is EL too little 
| Therefors the lat. is 51. 33 or 3' too much 3 1 
Since repeating the work, with a new aſſumption of the latitude, is troubleſome, and | in 


ſome circumſtances very defective, which makes the ſolar tables too often err half a degree, 
5 or more; and the ſame by the foregoing method; I would therefore recommend the follow- 
ing method, by which the latitude will be nearly obtained at the firſt 5 and ** uſing 
f only the 2d and 3d of the foregoing Canons. 


Firſt, I ſuppoſe your watch to go ſolar time, or nearly Fa being TRAY prepare 11 


are to take the altitude of the ſun, when near the prime vertical, or when it riſes or falls 


very quick, and find the time by that altitude; ug e you will find how much your watch 


is faſt or flow, for the ſun. 


Ex. Suppoſe the alt. of che ſun taken at gh. 12' A. M. . by the watch 
And the. time * the ſun's alt. 8. 2 
„ 180 

Note, That by n the lititude 20 or 30/ more or lels than the true lat, the time 


reſulting, will be very near the ſame, when the altitudes are taken near the prime vertical, 
therefore the times may be well determined, although the latitude 1 Is not Known nearer 


than 20˙. 


The altitudes of this Ex. were (by the watch) taken at 11h, 10“. A. M. and th, 50' p. Me 
Which reduced to true time is 1h, oo” before noon =15% ↄ 
| And the other at 1. 40 after noon =2 $ 
55 The ſum is the 4 of time 40 or the 4 oft time elapſed, 
n co: tan. decl. le: 80 30 10, 47541 : 
Co.. 4 of time 0. 15 — 9:98494 
: . of 85 54 — 
org: Sup. 109 . 6 —10,46842_ 
| 85 Decl. co-ar. 18 . 30 — , 49852 
Co-. 70. 54 — 951484 
Co-. Fs 4 9,504) 
Sup. from ae 109 6 — 222883 
Diff. is co-lat. 38 . 28% Lat. 515 ZN. 
Note, W hen the reſult of the 2d Canon, is the fame as the polar diſt, FUR the zenith 


Ince is the meridian Zenith diſtance. 
2 dee ke ; The 


N (8). | 
The 1 of March, 1775, in a the lat. of 512. 20 'N. Tobfyred, the re aliitudes 


of the moon. 
Time by the watch at oh. 8 moon! 's alt. 40® 300 i ref. H par. 540 4. par. of alt. 41” 


„ 42. 25 —1 ref. H Par. 48. do. 40 
5. - 25 02 —1 135. * of altitude. Ng 

9 1 . 25 30 —1 +33 5 * EP 7 

Nn 52.39 —1 7327 e e e OM 
For parx. and ref. + © es TS. 5 of MEET INI : 
rc HI. 192 . | we or = 
Deel 442472 N. 153 . 5 
Lat. 351. 28N. - 1 * 5 
Much che Moon's mer. alt. . „ 50 | 
For parallax ; and refraction + r to 25 ; 

5 True alt. 50 24 „ : 

Zen. diſt. 39 36 8. 1 f 
Decl. 11. 54 N. | C 
ef — 0 A 5 $25 Il. 51 . 30 N. $3.5 b | | 2K 
. 40 Ditto 13th; 51 . 28 N. „ 1 
The mean is the true lat. 52 29 C N 
L N. B. The hourly difference of declination is 6 decreafing. | * | 
Ts find the Difference of the Altitudes of the Moon, occabioned, by the. Alteration of 1 
its Declination, Parallax and Refraction. 55 4 
Let the glrivudes obſerved. (that are to be uſed). be thoſe taken. at 8h. 28, which i 13 n 

. 36“; and at gh. 30, 18 25 23 che alteration. % declination between 8h. 280% and 
gh. 300% is 6“. Hence, - 
| = 16.2: al gh. 28 Deel. 148. 540 N. N | 
At 9 . 30 2 14 . 48 N. ' 0 
At the Middle time is 8 09 14 51 N. Decl. 2 
Polar die „„ i 
Sr di ol cc | » Elopſed time 1. 02 15.39 4 of Tine: 5 
E he parallax of altitude, e ror ea — * 30 alteration of declination, may 1 5 hen N 
27; for it will always be lefs than the declination, except when it is reckoned upon the meri- : 
dian ; now theſe 27 taken from the firſt alt. and added to the 2d gives the Ales, 49% 34 | 
and 532. o, and the zenith diſt.” 36% 56/, and 40% 264. f 
Ni. B. The reaſon why 2“ are taken, &c. See 2d Edit. of the Sea-Officer's $ Companion. « 
| | Co-lat. 38%. 31'—co-ar. o, 20569 WS. co-t. decl. 14. 61 —10,570516 "3 
| Polar diſt. 75 . 09 —co-ar. o, 14753 :: co- 1. 4 time 3. 51 — 9997732 2 
1 | | Sr. Z. D. 40.26 | —— 9,794467] 0.2 Is +} of 75 + 04 1—10,574248 | 
1 . N — $,520551 K deel. 14.51 — 0,9 1270 f 
| n 18.335463 0 : 3: 0: age, 8. 04: I— 9,410869 
 # 32 . 67732 2 gt : co- ſ. of 36. 35 . 56 — 9,0002729 
M BL ; 1 oo WT he of 36 . 3: f 36 . 33 — ot =: 
- Its double Is the Z of time of 2 Co-lat. 23. 312 - 
1 the leſs alt. j 2 127 F 3 | 
N Subtract the Z of elapſed time 13. 30 „ e a 
| Rem. 4 of time (of moon to zz. 1 i 
mer.] at the great alt. 2 55 .) . — b 


I have here only given one exam nple, | o _—_ chat the latitude: may be ealily obtained by two 
altitudes of the moon and the time between them, as well as with the ſun; of which fee the 
method clearly ſhewn in my Sea-Officer's COMPO, 24 Edit. Of 


f 
: 
| 
3 


(9 ) 


of the M ETHOD for determining the LONGITUDE | 
* SEA. 


v EING provided with a good octant or ſextant, which has a teleſcope and moon glaſſes, 
adapted to darken the moon's light, ſo as to make it nearly equal with that of the ſtar, 


by which the diſtance is to be taken at the limb of the moon, or in contact wich ber full limb, 
by reflection. 


different degrees of light of the moon and ſtars; by which many obſervations prove abortive. 
I have, by repeated trials, at laſt, got over this obſtacle. _ 

2. There is another impediment ; which is, the hght of the moon that falls on the eye, 
when you are obſerving the diſtance of her from ſtars that do not exceed LEE This 1 Imper- 
fection I have alſo taken off by a ſhade to the eye, 

3. It frequently happens, that the diſtance of the moon and ftar can be obſerved when 
neither the altitude of the moon or ſtar can be n in Which caſe, the time being well 
aſcertained, their altitude may be computed. 

„ find the apparent time of an obſervation, i is a PROT n ; and it fre- 
quently happens that you muſt truft to the going of your watch for ſome hours before or after 
the time that you obſerve the diſtance ; eſpecially in the night, when you obſerve the diſt. 
of rhe moon and ſtar, | 
5. The proper times of the day for taking the altitudes of the ſun, in order to find the 
true time (very near), is in the fore or afternoon, when the bearing of the ſun is between five 
and eight points from the meridian, and the nearer to the prime vertical, or Eaſt and Weſt, . 
the better ; ; becauſe in theſe poſitions he riſes and falls the quickeſt. 


To find the TRUE TIME, by obſerving the ALTITopt of the Sun. 


6. The'method is to take two or three altitudes of the ſun, and to note the time by the 
watch at each altitude. 'Theſe altitudes ſhould be taken at two, three or four minutes after 
each other; then take the mean. N. B. To take the mean, is to add the hours, minutes and 
ſeconds together, and to divide the ſum by the number of obſervations, the reſult will be the 
mean or middle time: From the mean altitude take the refraction and dip, the remainder 
will be the true altitude of the ſun; and its complement the true Z. D. or co-· alt. Do the like 
with all altitudes and diſtances; then compute the time by the following General Canon. 
From half the ſum of the co- lat. polar diſtance and co- alt. take the co. lat. and polar diſt- 
ance ſeparately, and note the remainders; then to the ſines co- ar. of the co-lat. and polar 
diſtance, add the ſines of the two remainders; the half of the ſum of theſe ſines will be the 
ſine of half the angle of the time before or after noon. ; 5 
. At the time the diſtance of the ſun and moon is obſerved, their n are generally ” 
5 ln by two affiſtants, and there ſhould be three or four altitades. of each taken, and as 
many diſtances at the ſame times; and theſe obſervations ſhould be made at four, five or tx 
minutes after each other; then reduce the ſeveral times, the altitudes of the mcon, 
and them of the ſun or ſtar; as alſo of the diſtances into one obſervation of time, one alti- 
tude of each object, and one diſtance, by finding the mean of each; and reduce the mean 
time of the obſervation by the watch, to the true time of the obſervation, by adding or 
Jubiracting what the watch was too faſt or too ſlow. 


| | To calculate the ALTITUDE. of the Sun, Moon or STAR, 

Bu Having given the latitude of the place, the declination and the time, the altitude may 
be found as follows: 

- Firſt, For the alt itude of the Fa Reduce: the "RY minutes and e time, five 
er after noon, into degrees, minutes and ſeconds, which wil be the LL of time, Ek 


1. The many different ciacurniinnces which 3 reſpecting theſe donn ind the 


( 10 J- 4 Th ** 
for each hour reckon 1 5*. Alſo the minutes of time. divided by 4 give degrees; z the ſeconds 
of time divided by 4, give minutes; and if 1, 2 or 3 minutes or ſeconds remain, they will 


Produce 15, 30 Or 45 minutes or ſeconds for the angle of time: For 1 hour of time corre- 
ſponds with 15 of terreſtrial motion of the equator. 


To reduce DEGREES and MINUTES i into TIME. 


9. Divide the degrees by 15, the quotient will be hours ; multiply the remainder by 4, 


and divide the minutes of a degree 5 1 55 for minutes of time; the remainder e 
by 4, for ſeconds of time. 


SENERAL CANONS for finding the ALTITUDE of thi Sux, tn Or STAR. 
1.0. iſt, R: cs, of the angle of time:: ct. of the latitude : the t. of the 4th arc. 


From the polar diſtance take 4th kd; and the 5th arc will remain : But when the angle of 


_ time exceeds 90? (or when the time is before 6 in the forenoon, or after 6 in che alter oon 
add the th arc to the polar diſtance, the ſum will be the 5th are. 


2d, Cs. 4th arc: cs. 5th are : : s, lat.: s, true alt. From the true altitude of the moon, 


take the difference between the parallax of her altitude and the refraction, the remainder will 


be her apparent altitude; but to the true er of the ſun or ſtar, add the refraction ; the 


ſum will be the apparent altitude, 


Note. When the altitude of a ſtar is to be found; the feſt thing to be done is to find its 
right aſcenſion at the time of the obſervation. The following Table ſhews the right aſcen- 
ſion and declination of ſuch us as are : uſed | in the obſervations 25. e e che R de 


t . 1 3 > 
OPM a e Niet kT FIT Ace: Annu Declmaron: Anne, 
January 15 177 * i ſion in deg, | in Time. Var. . 
ſdeg. mi. ſec, h. m. f. ſſec. deg. n e. [ Y 


15 Aiko; the ach e in Aries 28 37 59 ft 54 32 3.3372 23 23. 6 7.64 
2. Aldebaran, the S. eye of the Bulli 65 45 28 4 23 3.42716 2 24.7 N + 8.32 


e nl 

3. Pollux, the Southern Twin [112 33 847 36 wit 3.731028 33 7.37 — 7.72 

4. Regulus, or Cor Leonis 149 5 41.59 56 3.240013 3 32.2 N—17.17 
5. Spica Virginis, the virgin ſpike 198 20 33.213 13 IF -213-151] 9 58 48.8 8 — . 18.27 
6. Antares, or Cor Scorpions 243 54 44. 7 16 15 39 3.66105 54 47:4 - S| 8.59 
7. Atair. mid. of Aquila 294 56 53.8119 39 47-6|2.903| 8 17 11. n+ 8.40 
8. Capric. or Capricorn: J301 59 16.420 7 57. 3.378015 29 50.2 S i. 0 

9. Fomalhaut [341 17 41. 22 45 10. 73.353030 48 29.4 S{—18.97 

10. Yoga or Markab 1343 23 33:7122_53 _34-212:983113 $9 54 ME. 19-22 


To find the ANGLE of TIME contained between the Neat an the dns 1s upon at the 


Time of OBSERVATION and the Meripian of the Pracs, 


From the right aſcenſion of the ſar take the right aſcenſion of the ſun at the time of 901 
vation (adding 24 h. to the ſtar's right aſcenſion when it is leſs than the ſun's), the remaĩa der 


will be the time of the ſtar's paſſage over the meridian, from which, take the time of obſer 
vation, if it be the leſſer; or, from the time of obſervation, take the time of the ſtar's paſſage 
over the meridian; and the difference will be the time the meridian of the ſtar is to or from 


| the meridian of the place; which conyert into degrees, &c. by Art. 8 above. 


Remark 1. The ume of obſervations made in the forenoon, are to be reckoned from the T 


noon of the foregoing day. 


2. When the place of es is ſuppoſed or aſſumed to be Eaſt of the meridian of 
Greenwich; then, from the time of obſervation, ſubtract 4 minutes of time for each degree 


of longitude; but for Weſt longitude add, and you will have the time at Greenwich; to 


which meridian the tables of time, righ-aſcenſion and Tr hs and the diſtances of the 
fun, ! moon and ſtars, are calculated. 


3. When 


Note. Co-ar. 6gnifics complement arithmetical, RR comp. of lat 2 co- a. comp. of chin 


1 
3. When the time of obſervation ; is greater than that of the paſſage of the ſtar over the. 
meridian, the ſtar has paſſed the meridian ; but w hen it is lefs, it has not paſſed, _ 

To make all obſervations of the diſtances of the moon and ſtar, at the Weſt limb of 
of the moon from change to full; but alter full moon, make them at the Eaft limb, or on 
the left ſide of her. 

5, When a teleſcope is uſed which! in erts, you muſt obſerve the ſtar on the eee ide 
800 appearance without the teleſcope. 

6, From change to full moon, add half her demeter to the diſtance of EY {tars obſerved. 
Weſt of her; but ſubtract half her diameter from the diſtance of ſtars Eaſt of her: After 
full moon uſe the contrary, Add allo as per Table, p. 13, for app. incr. of ſun'sjhalt diameter. 


Having ha the apparent altitudes and diſtance, to find the difference of the arimuths 
| of the fun and moon, or moon and ſtar, ; 


GENERAL. RULES. 


Rule 1. To work by apparent diſtance (of centers), and the apparent zenith mer. 1 
From half the ſum of the apparent diſtance, and the two zenith diſtances, take the zenith _ 
litances ſeparately, and note the remainders; then take the fine complement arithmetical of 
eich zenith diſtance, and the fines of the two remainders; add the four logs together; and | 
half the tum will be the ſine of half the angle of azimuth, which double. 


To correct the AppaRENT ZENITH DisTance. 


from the moon's zenith diſtance take the difference between the parallax of the moon : 3 
tude and the refraction ; the remainder will be the true zenith diſtance. 
Add the refraction of ſon or fear to its apparent zenith diſtance, the ſum will be the true 2. 
litance, | | . 
Rule 2. To wack by the true Linh diſtances, 15 
R : t. of the leſſer of the true zenith diſtances : : cs. of the diffirence of azimuth : the t. 
of the 4th arch. If the difference of azimuth be leſs than go?, then from the greater 
Ine zenith diftance take the 4th arch, and the remainder will be the 5th arch; but if the 
lference of azimuth exceeds go?, then to the 4th arch add the greater true zen {th diſtance, 
ad the ſum will be the 5th arch, _ 
Kyi + When the 5th arc is leſs dun 900, che reduced lacs will be leſs than 90⁰3 but when 
zth arc exceeds 909, the reduced diſtance will be greater than go degrees *; in which 
a ſabtr act the degrees and minutes from 180 and the remainder will be The reduced diſt, 
Rule 3. As cs. 4th arch : cs. 5th : : cs. leſs true zenith diſtance : cs, of the true or reduced 
iſtance by obſervation 3 which being done, find the diſtance by the almanec,. at the time 
of the obſervation, reduced to the time at Greenwich, and then; 
gemark 1. When the diſtance is increaſing, and the reduced diſtance, greater than that 
by the Ephemeris, the longitude is Weſt; but if it be leſs, it is Eaſt longitude : which muſt 
e applied to the longitude that you aſſumed the ſhip to be in. 
Remark 2. When the diſtance is decreaſing, and the reduced diſtance is the greater, thei 
he longitude reſulting from the Ne, is Eaſt; but if it be leſs, the longitude | is Weſt 
bt the place aſſumed. 5 


To find the Diſtances of the Sun and Mow or Mook and 3 at the time of an obſer 
vation, by the Ephemeris or Nautical Almanac. 


The calculated diſtances in the firſt column of the Ephemeris are adapted to noon, at the 

eridian of Greenwich, and the other columns contain the diſtances, at 3, 6, 9, 12, 15, 

8, and 21 hours, after the preceding noon; and all obſervations muſt be reckoned | in like 

anner, as by remark 1, 2, in 2 „ 
* * | Note : 


a By reduced bene, | is to obe a the true diftance by the obſervation ; or the oberyed | diltauce 
karcd from the effects of retration and paallize. E 2D 


( 212 . 
Note 1 II the true time of obſervation at. the ſip, reduced to he i of "DRY 
(by Remark 2, p. 10,) be betwixt noon and 3 P. M. then take out the diſtance in the cob» 
under noon, againſt the day of the month; and under it write the diſtance at 3 h. and 0 
difference of theſe diſtances, and. then ſay, As 3 hours, or 180 minutes, is to that differen, 
ſo is the minutes of time of the obſervation, after the time of the firſt diſtance, to the * pn 
portional part of increaſe or decreaſe of diſtance; which muſt be added to the ſtan 
at the former time, when the diſtance is increafing z but ſubtracted when the diſtance is d 
creaſing, and you will have, the diſtance at the time of obſervation by the Epllemeris. 

Note 2. You are always to take from the Ephemeris, one diſtance at the neareſt ti 
: preceding that of the Feduced time of obicrvation. ny remark p. 1051 an d the next diſtan 
after it, and then proceed as above directed. 

Note 2. Having | obtained the diff. between the reduced diſt. and that by the Eph th 
6 ſay, As the hourly incr. or decr. of diſt. obtained from the Eph, is to 15 or goo! of h 

ſo is the difference between the reduced diſt. and that by the Eph. to the degrees] or minut 
of lon. reſulting, 

The uſe of the Table of the Moon? $ ; Parallax of alt. is to obtain "hs true Altitude (ini 
ference to the centre of the earth) from the apparent altitude obſerved on its ſurf 
the horizontal parallax being given. Note, The moon 8 e ne parallax f 18 found n t 
Nautical Almanac for that year, 3 
Enter the table with the moon's nortzontil garellas at the top, and (under ir) ag 
the obſerved alt. you will have the parallax of alt. For the odd minutes of alt. and of be 
Zontal parallax, you may readily obtain the N for the quantity e NI 
them. As for ex. the 2oth Sept. 1772. 5 « 

At 8 h. 50' A. M. the moon's apparent altitude was 43 39 8 
By Ephemeris the moon's. horizontal PRs was 56“ 25 meridian of Greenwich 
| Ao. © : 
By Table under 1 = ind 43 altitude is 400 57% 

5 againſt 44 altitude is 40 12 


Difference of altitude 18 gives O. 40 o decreaſing, 


And if 60 of altitude decreaſe the parallax of altitude 4 „then 39 will decreaſe it 2 
Hence from 40' 5)“ take 27“ and there will remain 407 30“ for the parallax of alt 
with 5;6' horizontal parallax; but 1' or 60 increaſe of horizontal parallax, will increale 
parallax of altitude 43” by the table as is under, difference in the right! hand. column, 

Hence as 600“: 43” 7 78 18“ the increaſe . 1 40 30 
| * add 18 


The parallax of the moon at 43? 297 apparent altitude is 40 4 A 
Hheefraction, by table, page 13 of the altitude is 1 00 5 1 
The difference between the parallax and the refraction is 39 4 5 | 

; add 43 39 30 

| The true altitude of the moon, a is 44 19 1 
above the rational horizon, J and 45 40 42 is the true Z. d 
And vecwad the ſeconds exceed 30, I take 45? 41 for the true zenith ciſtance, as the( 
ſeconds of altitude, are of no conſequence. 

Remark 1. hat the true time of an obſervation may generally be found from the 
5 the times, and of the altitudes of the ſun taken at the fame time, that the diſtances of 
ſun and moon were obſerved ; for the diſtances ſhould be taken when the moon is pretty | 
or conſiderably higher than the ſun, and with its limb well illuminated, when you can m 
by means of your dark glaſſes, the limbs or edges of the ſun and moon appear clear 
ſharp ; and free from glare; at ſuch times the limbs are ſaid to be well defined. 

2. It frequently happens that you may take the altitude of the ſun, and the time, by 
watch, when the ſim is in a proper poſition, as directed in p. 9, art. 7, and at 1, 2, or 3 U 

before or after, you take the diſtances of fun and moon, or moon and ſtar. Haying 0 

how much your watch was (or is) faſt or flow, you may reduce the mean of the times by 
watch, when the diſtances were taken, to the true ſolar time. 


* For Remark 3, ſee p. 15, at the bottom. 


% 


; DUE „„ 
Of R E F R AC T I O N, 


Or the bending of the Rays of Light, as they paſs through the Atmoſphere of 
the Earth; that is, as they paſs through that part of the Air, which receives 


| Vapours and Exhalations. : 


Des. 1. TD Y the rays of light are to be underſtood their leaſt parts, and thoſe as well ſuc- 
„„ ceſſive in the ſame lines, as contemporary in ſeveral lines. For it is manifeſt 
that light conſiſts of parts both ſucceſſive and contemporary: Rays of light may be conſidered 
to be lines reaching from the luminous body to the body illuminated, and the refraction of 
thoſe rays to be the bending or breaking of thoſe lines in their paſſing out of one medium 
2. By the eclipſes of Jupiter's Satellites is proved, that light is propagated in time, and is 


about ſeven minutes of time in paſſing from the ſun to the earth. 


3. The angle of incidence, is that angle which the line deſcribed by the incident ray con- 


tains with the perpendicular to the reflecting or refracting ſurface at the point of incidence. 
4. The angle of reflection or retraction, is the angle which the line deſcribed by the re- 


flected or refracted ray, makes with the perpendicular, ſuppoſed to be drawn, to the reflecting 
or refracting ſurface, at the point of incidence, and in uniform mediums it is bent at its en- 
tering into the medium, and then proceeds in a right line; but in paſſing through mediums 
which increaſe or decreaſe in denſity, the angle of refraction at any point, is the angle con- 
tained between the perpendicular drawn from that point, and the ray from thence proceeding ; 
and this angle decreaſes as the ray paſſes through increaſing mediums ; but the angle increaſes 
as it paſſes through decreaſing mediums. 5 VVV... 
5. The ſines of incidence, reflection, and refraction, are the ſines of the angles of inci- 
gence, reflection, and refraction; as the angles ABD, DBC and EBF, in Fig. . 


A X 1 0 M 8 


2 1. The angles of reflection and refraction, lie in one and the ſame plane, with the angle 
of incidence. By „ VV . C 


2. The angle of reflection is equal to the angle of incidence. 


3. If the refracted ray be returned directly back, that is, if it be reflected perpendicularly, 
it ſhall be refracted into the line before deſcribed by the incident ray, to the point of incidence. 


4. Refraction out of the rarer medium into the denſer, is made towards the perpendicular, 


that is, the angle of refraction is leſs than the angle of incidence; but refraction out of a 


denſer into a rarer medium, is made from the perpendicular, Def. 4. By Fig. 1, AD 1s the 


line of incidence DC the ſine of reflection, and EF is the ſine of refraction. OT: 
If the proportion or ratio of the fine of incidence to that of refraction, be known, in any 
one inclination of the incident ray, it will alſo be known in all other inclinations : Thus if 
the refraction be made out of air into water, the ſine of incidence of the red light, is to the 


ſine of its refraction into the water as 4 to 3. Thus, AD =, and 48: FE::4:3. If 


out of air into glaſs, the fines are as 17 to 11. In rays of light, of other colours, the fines 
have other proportions ; but the difference is ſo little that it needs ſeldom to be conſidered. 


[See Sir Iſaac Newton's Optics]. 


5. A ray of light in paſſing through a medium which increaſes in denſity, makes the ray 


bend toward the denſer parts continually as it paſſes through it ; by which all rays will appear 


as if they had proceeded from other points than they really did. The ſun, moon and ſtars, 
and all objects on the earth, appear higher by refraction, than they are; the angle or quan- 


tity of refraction, at different apparent altitudes, in a middle ſtate of the air, is in the table 
of refraction. : 1 


Fig. 4. Suppoſe BED to repreſent the ſurface of the hemiſphere of the earth, and ALGH © | 


the upper ſurface of the atmoſphere; bp, a ray of light which enters into the atmoſphere at p, 


and paſſes to F, in the curve continually bending towards the perpendicular C, and at F, it 
| — | 2 | | | | 


IS 
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i5 the deepeſt merged; from F it proceeds to L; hk it quits the air, and! 18 e from 
che perpendicular LO, into the right line LM; and the power of refraction at L, will be 
double to the refraction at F, becauſe the ray in its paſſage from p to F, paſſed through the 
like medium as it did from F. to L, and in courſe, the effects will be equal. 


Suppoſe a ray of light proceeding from the upper edge of the ſun at a, enters rhe atmo. 
ſphere at I, and is refracted from its direction II, t E, the place of an obſerver, Who wil! 


ſee the ſun's upper edge in direction of the line of the ſenſible horizon Ed, in which it 


entered the eye. the horizontal refraction is the greateſt, and it varies from 29 to 37 minutes 
in the latitude of London; conſequently when the ſun appears in the horizon“, he is 33 minutes 


below it by a mean refraction and in greater latitudes ſomething more, the atmoſphere Leing 
more denſe. Let m repreſent the place of an obſerver on the top of a mountain, ud, his viſi. 
ble, and un, his true horizons, the viſible horizon at 5, will appear higher than it 18, Oeca⸗ 
ſioned by the refractien of the rays coming from thence to the eye, from a denſer to a rarer 


medium; for by Axiom 5, and Def. 4, the perpendicular to. the refracting ſurface is Se, and 


the point of incidence is at 8, which point will appear to be lifted up, by the refraction of the 
ray Sm, it being bent from the perpendicular F; this refraction added to the apparent horizon- 
tal refraction of the ſun or ſtars, gives the true refraction as determined by calculations. When 
it is leſſened by the ſun's horizontal parallax, the mean parallax of the ſun being 8,75 leconds, 


as determined from the obſervations of the tranſits of Venus over the ſun in the years 176: 


and 1969. The horizontal refractions muſt be the greateſt, becauſe the rays in that poſition. 
paſs through the greateſt ſpace of the atmoſphere, alſo through the greateſt quantity of ve- 


pour, The angle uml, is the depreſſion of the viſible horizon, below the true horizon; and 
the rational horizon is that Which paſſes through | the center of the earth, as AH, relpeRting 


Ef, parallel to the true horizon Hd. 


Suppoſe an obſerver, on ſhore, with an aſtronomical quadrant, Zblevves the lower edge of 


the ſun's limb to be 40“. 20% above the ſurface of the ſea; the altitude of the teleſcopèe 29 
feet, higher than the ſea; when the diameter of the ſun is 32.30“, and his horizontal paral- 


lax 9”, "the horizontal refraction 33˙; to find the true zenith diſtance of the fun, Thus, the 


apparent alt, above the viſible horizon 40˙ʃ. 20% [L. L. ＋ 16“. 15, —26ʃ. 3)“ ref. 


The difference between the quantities 14. 32. | H. P. + 0.9 — 4.16 for 20 feet high, 


True alt. of ſun's center above the hor. 25.31 416.24 =} 2 4 Wh 


1 Ait. 64. 20, UTE . un, 18 RY 49. 75 vp 
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"Rank 1. The quantity of refraction i is the mt, 1 the rays 8 pass eee a mile or 


An inch of it, in the ſame medium, with that near the eye. And becauſe the laſt inch of 
atmoſphere, before the ray enters the eye, gives the quantity of its refraction 3 ; therefore by 
paſſing through the whole atmoſphere the quantity of refr, is not increaſed. For example; 


Suppoſe the atmoſphere of the earth (through which an oblique ray paſſes to the eye) to 


be divided into three mediums; the firſt medium the ray paſſes through, ſuppoſe it to be 


refracted 1, the ſecond medium double in denſity to the firſt and the third medium treble to 
the firſt ; chen I ſay the refraction in paſſing through the firlt being one, in paſſing through. 


the ſecond medium it will be refracted 1 +1=2 by both theſe mediums; and in paſſing 


through the third medium it will be refracted 1 +1 +7=3, by all the three, mediums: be- 
cauſe the ſucceeding mediums have a refractive power in proportion to their denſity. Q. E. D. 
Remark 2. vince the rays of light are the moſt refracted in that part of the atmoſphere 


which is the moſt denſe, it may happen i in many circumſtances, that the rays may be reverted 


before they come to the eye; for inſtance, if the air round a teleſcope, through which a per- 


on is obſerving the altitude of a tar, be rarer than it is at ſome diſtance from the teleſcope 5 


Note. The true horizon of any place, is a tangent to the curve of the earth's ſarface at chat place; 
Which is 90 deg. from the zenith in every poſition and place. 


+ Towards the denſer pacts of the medium. 


bY 


„ W 
by the foregoing principles, the curve of the rays will be inflected before they enter the T cle. 
ſcope, and in courſe the altitude of the ſtar will appear leſs than it would have done, pro- 
vided the medium within and without the place of obfervation, had been the ſame. For this 
reaſon, and the methods uſed in many obſervatories; it is evident, that no great accuracy can 
poſſibly be drawn from their obſervations, ſave the meridian ones. 

N. B. That Obſervatories which are built on the ſummits of hills, and thoſe in valleys, are 
both liable to many Aenne, Which thoſe that ſtand on ſpacious planes are not tub- 
Jet mT. 

Sir If. Newton's Optics, Prop. 7. The perfection of oor is impeded by the differ- 
ent refrangibility of the rays of light. The diameter of the image made by the ravs 
paſſing through a convex glaſs, See p. 73, 74. Alſo, Part I. B. 1, p. 8. If the theory of 


making teleſcopes could at length be fully brought into practice, yet there would be certain 


bounds beyond which they could not perform: For the air through which we look at the 
ſtars, is in a perpetual tremor ; as may be ſeen by the ſhadows of high towers; and by 
the twinkling of the fixed ſtars, But theſe ſtars do not twinkle when viewed through 
teleſcopes which have large Apertures. For the rays of light which paſs through di- 
vers parts of the Aperture, tremble each of them apart ; z and by means of their various, and 


ſometimes contrary tremors, fall at one and the fame time upon different points in the bot- 


tom of the eye, and 8 rrembling motions are tod quick and confuſed to be perceived 
ſeverally. 


And all theſe il! uminated points, conſtitute one broad lucid point, and cauſe the ſtar to 


appear broader than it is. 


In fig. 5. Let 7, r, r, be rays of nent, which enter 5 denſer part of the atmoſphere at 1, 2, 35 
through which they paſs to the points 5, 6, 7, where the ray at 5 enters the glaſs medium, aud is 
refracted towards the perpendicular, 5 5, till it arrive at 8, where it enters the water medium, and is 
chere refracted towards the perpendicular be, at ꝙ it enters the air, and is refracted from the perpen- 
dieular 9 f, into the curve 9 10; the other rays 7 2, r 3 will be bent and refracted, as appears in 
the figure, by principles before mentioned. 


In this, the body a f 26, repreſents a ſquare priſm of claſs; put into a veſſe! 1 water of . 
ſimilar form. : 

The ray r 3, e enters the atmoſphere perpendicularly, and therefore is not bent till ir enters the 
glaſs veſſel, which holds the water at 7, and when it enters the water it will be bent the contrary | 
way, and then paſs in a right line to t, where it will be bent the ſame way as it was at 7; and if it 
be there retracted, ſo as to "paſs | in a line per pendicular to the ſurface of a priſm, where it entered; It 
will proceed in that right line through the water and the fide of the glaſs at v, and at entering the ai: 
it will be bent towards the greateſt body of the atmoſphere into the curve vu, and the like of any 


other. The angle of incidence of a ray being given at its entering into any of the mediums; its 


inclination may be determined at any point, in its paſſage through the different mediums of glais and 


water. The fine of incidence to that of refraction out of air into water, being as 4: 3, and out of 


air into common glass as 17:11, and out of ait, into cryſtal as 25: 10, which reduced to the ratio 
of 1 unity will be, the | 


Sine of 8 Sine of refraction 
dy of light, out of air into water, as 1 | to ©,75000 
out of air into plate elafs 1 to 0, 64700 
out of air into flint glaſs 1 to 064316 


out of air into rock cryſtal - 1 to o, 4000 

— out of water into flint glaſs 1 to 0,86020 | 5 
if Light paſs through many refractive Mediums gradually denier and denſer,” | which terminate with 
parallel ſurfaces, the ſum of all the refractions will be equal to the ſingle refraction, which it would 


have ſuffered in paſſing rye out of the firſt medium into the laſt, Newton's Optics, book 2, 
part 5 2z Prop. 10. 
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The parallaxes of altitude, are to each other as the E of * apparent N To nd the 
parallax of alt. you muſt get the horizontal parallax at that time, and then ſay, as R : hor, par. 
appt. alt. : par. of alt. Suppoſe | the moon's hor. par. 53“, appt. alt. 30%, 

Then Logiſtical log. of 53 GO = 10, 5310 Rad, added 


1 


Sub. ee of appt; alt, 420 9 9375 


L. 0 of Parx, of alt, 45" 54"— 0,593 5 by this method the following table Was computed, 


A TABL E 
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{ A TABLE aning the Diſtance of the Viſible Horizon, for different Heights of the Obſerv. 


er's Eye above the Sea, together with the True and 4: tm Depreſſion of the Viſible 
Horizon. [See Fig. 3. Plate 1]. 


|Height|Di ſt. of | Depreſl. Refrac Apparent i | —_ 
of the the hor.] of the tion offdip of the The 2 depreſſion bAF, is= £4 ACE, ELLA 
eye in in miles. ] horizon. the ho- horizon. the CAE is the comp. to each of them, as by the 
n FIZON. X Fig. is evident. 
11525 7 oo 12 97 8 of 52 Lat C, repreſent the center of the euch, A, the 
2 | 1,75] 1 30 0 tO | I 20 ſum nit of a place on its ſurface ; gfaE, a part of 
3] 2,12] 1 go o 11 | I 39 la great circle of the earth; EA, a tangent to it, 
4 2,52 22 © 13 | 2 09 [drawn from the point of contat E; alſo the tangent 
| 54.227. 2 20 014] 2. 16 line ab, and its parallel Ab, may repreſent the true 
N 63,02 36 0 15:| 2 20 horizontal directions of the different altitudes of 
7 3,25 2 50 0 17 the obſerver above the horizon, or ſurface of the 
e 0 18 44 (ſea; in order to determine the inclination (or de- 
9 3,7 [3 16 0 19 2 57 f preſſion) of the viſible horizon, below the true, at 
103,85 3 32 0 203 different altitudes of the obſerver; we have given 
| 12 4.250 3 40 0 22 | 3 che ſemidiameter of the earth= 3975 miles, and 
14 47 4 oro 243 37 the height of the obſerver's eye (by Fig. 3) in the 
E 0 +6 7+: triangle, AEC; Let Aa, be = 400 yards. Then 
= 168 525 4 32 0 27; x 4 AC —EC* = =AE, the diſtance of the horizon 
| 20 | 535 |.4 45 0 28. 4 16. from A. and ſince the Z E, is a right angle, and 
FF therefore = the AC; but the C= CAE of 
4:59 6,5 5 37 1 345 depreſſion. Hence AC: CE: * cs. of the 4 
32 7,0 5 35 O 365 19 1 of Ge 0 
36 | „ een eee weer 
2 and ac- 696400 yards, 1955 
42 224 r . = parts « of a 
$122 LL REL. 688648 94444900 + | 220 
59.58 130 49 7 + | 440. 
662 10,0 | 8 38 ſo 52 | 7 TE cs. £C—36'45"—9,9999752 x | 660 
95-1. 12,0 j10 23 239 4 + | 880 
130 | 14,0 [12 6 |1 12200 And R. 6996400—6, 8448746 1 11100 
147 | 15,0 2 58 l 18 |11 1:8 30“. 45 —8, 289740 + | 1320 
168 16, fl 350 t 23 12 — 4 | 1540 
215 18,05 34 1332014 1 : 73088, 5—4.8638486| 4 
266 | 20,0 17 18 1 44 15 34. | 95 * miles ; . 
336 24,0 16 1 7 18 40 Now 73088 4176 the diſtance of che — 
— E — . Ex. 2. To find the horizontal dip and diſt, of 
yards. mules, |, ul, «|: the horizon, the obſerver being one mile high. 
| 400 | 41,5 f 36 45| 3 49133 


O5 r. As the earth's rad. + 1 mile 3976—3, 5994464 


738 | 58,0 ſo 50 00 5 o? oo the rad. in miles 397 ;— 
800 | 60, 14 52 0o| 5 12146 48 * 4 106.5081 AS $97 4 Lo 600477 


1200 | 73,0 1 3'40''| 6 5 3 c be din rs 3 
16 85,0 |1 13 307 21119 & of SF: 2 = N SLES. 9:9998907 
1 mile.] 8924/1 17 10 F 8, of dip the 40 ; PE ae __ 


99,7511 2615 


It | | 

12109, 3 11 3430 | 9 271125 3 diſt. of the vil. hor. AE—89.2 24—1,9503658 
14118, |1 4200 [lo 1201 3148 | 

2 126, 1 1 49 00 10 34/1 38 6 | To find Aa. As cs. of the 4 of depreſ; : R::CE 
2 184, 4 |2 13 30 13 21/2 00 9 ||: CA and CA CES AA. 


—— 
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— 
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* 
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Note, that if any number in the firit column be multiplied by 4, and its correſponding er in the 2d col. 
by 2, the products will ſhew the alt of the obſerver, and the diſt. of the vil. hor. Since the rays of the hor. 
are retracted (as in the 4 col.) that quantity muſt be taken ſrom the angle of the + OH, obtaincd by calculation. 


The 


170 
The variation of the horizontal refractions are from 29/ to 3 in the at. of London (and 
at the Royal Obſervatory at Greenwich) and. conſiderably 37 to the Northward og cons 


being the rareſt and denſeſt atmoſpheres at the Royal . [ may therefore infer 


the mean refraction near the banks of the Thames, to be about 34. 


1 


'A Nw 77 AB LE of REFRACTIONS, adapted to the middle State of the Ayr: 


ap. A — Alc. ./Ketract. 


Refract. 


Ap. Alt. Reſract.| 


F 6 1 TABLE IL + 
80 'S 50 2 39,46 zo, 5 
8 5132. 10, 7 2 351, "1A Table af the Iban 
| o 10031 22,2 / 2 31,00 s| Boe © pe tothe ob. 
% 15]30 35.4) 7 2 27,206 | ſerved Alt. of the lower 
.o 2029 49, 7 2 23,6 Limb of the Sun. 
230928 1253 7 - 2 20, 3 [App. altitude of|Min, ſubt, or 
o 3a 4,87 2 13,7 lower edge offadd, fr. or to| 
| © 36 27 30, 3 2 7,4 the ſun, the ho- the ap. alt. of 
0 40 26 59,8 2 1,6 ö, rizontal dip. be- I ower edge of FD 
0 Fog 41, 81608 66 1 365 20 : — the ſun obſ. 
1 rem 28,0 8 6 8,0 27 f 5 51,2 | | 3 
| x 1023 19,8 * 1,30 1 46,6 Subt. wy) 
ty 20122 13,2 33 5 54,8 29 . I 42,407 | ditto 20 3 
I 1 301 14,9 95 48, 30 ; 75% ditto 19 ® 
1 4oſzo 17,9] 9 11 34,6 | Gitto 18 
| x 3019 24,809 I; 31,0 ditto 17 | 
2 ofs 35,0% 1 27,6 1 
2 10/17 48,49 4005 25,4134 1 24,479 1 
2 200)% 45 9 , 11 2144 = Om 14] 
2. 30 16 23,8 10 5 14,8 3 I 18,5 q | ditto 13 1 
2 40/5 454110 155 733637 fi 15,7]82 Doubt. 
2 5015 9,4% 1 13,0083 G12 - 
| 3 914 33, 610 1 10,4 ditto 11 
3 10014 3,9 17 © 770 ] ditto x60: 
13 2x13 e It 3,5 citto 9 | 
3 3013 6,2011 "Bb 343 ditto 8 
3 40012 3956 11 11 1,1 | ditto 7 | 
3 50012 14,12 53 ditto „ 
4 oi 51,7012 „„ ditto | 
4. 1011 28,912 __ 55,0 Height Ap Dip — 4 
| 4 zr 7,9Þ13 53, of Eye. of Hor 1 4225 24 
| 4 3010 48, 013 51, Feet. at 3 
4 40/10 29, 13 49,4 SY my.” 0 | 
| 4 50,0 11,3014 47.6 40 Add 1 
15 99 5473714 boy ear 4 
5 10 9 38,2 14 4452 ; prob 3 
5 209 22, 8015 3 42356 a. | 
5 30 9 8,0 15 41,0 _ 4 8 
5 40 8 54,016 39,6 1 
11 8 4055 16 38,2 e i 
e e eee =] 
| 14,917 2 ditto 
16 20 8 28 18 o©2 ke Fo 13 
6 30 7 51,1418 3002 33,0 ditto 11 
5 40 7 49,3019 2 31.7 ditto 12 
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5 Of he PARAL LAXES of the MOON, or the Diftrence biereen the true 109 apparent 


Place at different Altitudes. 


In lig 2,,C . the centre of the earth; TAB places on it's 1 poet DEF the orb 
of the moon; GHI the orb of Venus; KLM that of Mars; NOP that of Jupiter; and 
QRZ that of Saturn, or the fixed ſtars, 


Let A be the place of an obſerver; AR his horizon; 2 the Zenith; D the Moon in 


the rational, and E her place in the true horizon It is evident by the Fi g. that the moon's 


parallax will be the greateſt, when ſhe is in the apparent horizon at E; for the angle AEC 


is greater than the angle ADC; becauſe AE and EC, are leis than AD and CD, or any 

| other two lines, from A and C meeting in the vertical arch DE (AC being conſtant). 

Conſequently the quantity of the angles AEC, ADC, will be as the radius to dhe co- ſines : 

of the apparent altitudes, or as the ines of the zenith diſtances. 5 | 

The like of the planets the fixed ſtars being at ſuch immenſe Ach andes 1000 their di- 

urnal parallaxes not ſenſible, and their annual parallaxes 0 . as not to be determin- 
able by obſervations, except a few of them. 


| Remark 1. The nearer a planet or ſtar is to tlie earth, the greater is its parallax 
2. All parallaxcs of altitude vaniſh in the zt nit. 


The parallax cauſcs the moon and plan-ts to app: ar in the hear ens, in different places 
13 thoſe they really are; and in the meridian, the planet will have parallax in altitude, lon- 
gitude, latitude, and decl. only; in all other poſitions, there will be a parallax in alt. long. 
lat. decl. and right aſcen. [Sce the Sea Officer's Companion, p. 27, 28. Alſo Keill's Aſtro- 
nompy, Lect. 14, p. 150; and De la Caille's Elements of Aſtronomy, ch. 3; or Ferguſon's * 


Aſtronomy, p. 100, ch. 9. 


4. The true place of the moon, when at E, is in the Poe CE, continued to "ha ſphere of 5 
the fixed ſtars, as at t, and its apparent place to a Spectator at A is at R. When the moon 
is at a, the true place is at f, and apparent at c; when the moon is at 2, the true . 5 at g. 


and apparent at e, which continually decreaſes, as the altitude increaſes. | 


5. When the moon is in perigee, the horizontal | PET at the equator is 61' 3”, 
when in apogee, 63“ 10”. ; 
But the equatorial parallax is greater, than it is in any place to the North or South of 
it; by reaſon of the diameter of the earth at the equator, being greater than at any other 
place; and therefore a greater ſide than AC, will ſubtend a greater angle at 1 all other 
circumſtances being the ſame. 


6. The parallax of the moon or ſtar does not alter its true vertical rande 
7. The parallax makes the moon and planets appear further from the meridian than 


they are: Conſequently the Longitude will de apparently increaſed in che Eaſtern, but 8 
decreaſed 1 in the Weſtern hemiſpheres. 


REMARKS of REFRACTION, out of Wins into AlR. 


Fig. 1. Let BH repreſent a veſſel, fill'd with water; ö a ſtreight rod of any kind, by 


the power of refraction all the different parts from p to u, will appear, as if they were lifted 


up, and the part ꝝ will appear at 9; and therefore the rod will appear to be bent at the 
point p, in the ſurface of the water, from it's true direction bx, into the line RO: Def. 4. 


And by the fame cauſe, if a piece of money, or any other thing be put at z, and you to ſtand 


ſo as juſt to ſee one edge of it, when there is no water in the veſſel; and then pour water into 


it, and you may ſee more and more of the piece, as the depth of water increaſes upon it; till 
you ſee the whole of it. 


Remark 2. That the viſibility of the bottom of the veſſel, or of the line um. increaſes di- 
rectly as the depth of the water increaſes; thus, if ut be equal one inch, and NB equal to 10 


inches, then each inch depth of water, would give one-tenth of an inch from towards t ; 


and 10 depth would give nt, which would appear at 79. 
. Why does the increaſed depth of water, make this increaſe of viſibility, ſince the angle 
of refraction i is the ſame, at all depths ot che water, When: the thing 1 is covered? Anſwer: by 


reaſon 


aw_ a. % to 


a a. aa LS ons 


3 75 5 . 3 

reaſon that the bend of refraction is made at a greater diſtance from the object, at the bottom 
of the veſſel; when it is full of water, or the like liquid; when the parts at u and 2, wil 
appear at o and r, and the eye at 5, would ſee the whole diameter nt; the angle of retraction 
being Ryb, by axiom 4; and the like of any other. e | ES 
6. By reaſon of the moon being much nearer to the earth, than any of the planets, it 
therefore has a much greater parallax at its riſing and ſetting; the quantity of the hori- 
zontal parallax of the moon is to be found in the Nautical Almanac of the given year, under 
the month, and againſt the day, in the columns, intitled,  _ 


Hor. Par.] Hor. Par.] in minutes and ſeconds, (M. S.); and by the difference between 
moon at | moon at | the quantities of the parallaxes at noon and midnight, the paral- 
noon, * midnight. I lax may be found at any time. „ 


Ex. To find the horizontal parallax. the 18 of September, 1775, at 5; h. in the afternoon. 5 


H. P. at noon - 5 5˙ 18“ diff. 15”, the increaſe in 12 h. which may be called 1/3, 


. at midnight 55.35 | an hour increaſe; hence the hor. parx. at 5 P. M. is 55. 20“. 
And the like of the ſemidiameter of the moon, which is at 5 P. M. 1.16. 


Alſo, fince the moon (as well as a ſtar) is at the greateſt diſtance trom the obſerver, when 


it is in the horizon; and as it approaches the zenith, its diameter appears to be increaſed, and 
when it is in the zenith, the diameter will appear to be the greateſt in that day's revolution; 
for when any planet is in the zenith of an obſerver, he is nearer to it, by a ſemidiameter of 
the earth, which is near 4000 Englith miles. This is evidently ſhewn in Fig. 2, in the plate 
C e 


A TABLE of the apparent Increaſe of the Semidiameter of tho“ 
Moon at different Altitudes, to be added to Hor. Diam. | 
MMoon's app. | Moon's Hor. Parlx. Moon's | Hor. Parallax. : + 
= „% 2 99-9 bs H 
3 JJ IOC q-3.738 5-4 
$3 JJ 
. LF ww. ls: 
1 * /Cͥͤ V 
„ „ % 09 | OD RS». Joes 
286 6 VV 
25767•§6„ů“il; „„ og Oe: 
CCC 


23. When you take the diſtance of the moon and ſtar, at ſome time after midnight, as at 
2, 3, 4 OT 5, A. M. and think it dubious to truſt to the going of the watch, from the time it 
was laſt corrected by the ſun; in ſuch caſe, defer computing the obſervation of logitude till 
you have got an obſervation of the ſun's altitude for finding the time that the watch is faſt or 
flow, and then cortect the time of the longitude obſervation; as in the following examples. 
4. If the diſtance of the moon from the ſun, or a ſtar, be obſerved, when they are near _ 
the ſame azimuth, their altitudes muſt be well determined, as the reduced diftance will be 
orcatiy affected thereby. no penn on: e C 
5. If The objects happen to be obſerved in oppoſite azimuths, at which time the angle at 
the zenith vaniſhes, then the rule will be reduced to the following one ; which is this : The 

ſum of the true zenith diſtances is the true reduced diſtance. I once made an obſervation of 
the moon and ſtar in oppoſite azimuths, when rhe arch of their diſt. paſſed through the zenith. 

If they be in the ſame vertieal, the diff, of their true zenith diſtances is their reduced dit, 

By obſervations of this kind, the longitude of places may be well determined, 

That is when their diſtances does not exceed 30 degrees | 


I — „„ 24% „„ . 
„214 — de — Rye —— — — 
7 8 - * 


A TABLE of the Moow s Pas of Aurrrovrs. 


| 5 EY 5 II Parallax x Of the Moon. | 
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A TABLE of the Moon's ParALLAxX of ALTiTUDEs. 


— nd dare le ed 


Horizontal Parallax ot the Moon. 


See the Uſe of this Table in p. 12. 


33. 54. 8. 36% 1 0 8 59 | 60 | 610 60“ 
2 7 „ my FC 7, „ 75 „„ 
0 4937 30038 1238 5439 35149 174 59041 4042 22042 
09130 4937 3038 11138 5239 33140 14440 5541 36l41 
28130 08036 4837 28038 08138 48139 28040 8040 49/40 
4635 2536 0536 44137 2338 02838 42039 21040 01039 
04134 42j35 2135 59130 38137 17137 55138 34139 13139 
21133 5934 3735 14135 52130 3037 /%7 45138 23138 
33133 16033 5234 29]35 05035 4239 19136 50137. 33137 
54132 30033 0633 4234 18134 5435 30036 06636 42136 
9931 44132 1932 55033 39134 05134 41035 16635 51135 
24139 5931 3232 07/32 , 41133 1023 50134 25134 59134 | 
38030 11130 45/31 19131 5232 2632 59033 33134 06134 
52429 24/29. 57130 303 1 02131 35132 8032 41133 13033 
o5128 37/29 08029 40030 12130 4431 16631 48032 19032 
18027 48028 19/28 5029 2129 42130 23630 54631 25031 
28 897 38,22. 5928 zoſz8_ 3929. 3038, 803 3903 
25 42026 11/26 40027 O92 38/46 07128 36029 05029 3429 
24 53/5 2125 4926 17]20 45127 13/27 4108 1028 35128 
24 oaſ24 3124 58/25 25/25 52026 20/26 4127 - 14127 41123 | * 
14123 4004 06/24 33/24 59/25 25/25 52126 1806 44126 7 | 
22 24/22 4923 14/23 4024 05124 30124 560625 21125 46125 8. 
621 53 722 22122 47123 1123 35/23 59024 24124 48124 8 
42021 Of zi 29j21 530/22 16022 39j23 03023 26123 50/23 — 
51020 13120 36/20 58021 21121 43 22 06022 29/22 5 10222 
19 ooſrg 21019 43j20 ogſ2o 26020 47]21 objz1 ir ciſzr.. 
0818 28118 49019 0919 30019 00 12j20 310/20 51020 
17 35/7 54118 14118 34118 53019 13019 32119 5109 
16 41j16 59/17 18|17 37/17 35018 14118 33118 51118 
15 . 45/16 0516 23 16 40016 38017 1517 33117 5007 
14 $5415 10/5 27/15 43/15 59j16 16116 33116 49/6 
13 59014 14/14 30014 46115 01 15 16018 32/15 48/16 
13 0413 19013 33113 regt 16 14 31114 46/15 
12 09ſ½2 23112 362 50.13 "0313 16113 30013 44014 
11 1411 26611 3801 5102 0312 16j12 29/12 41/13 
10 19010 30010 41010 53/T O41 15/11 27/1 392 
920 34 N. 44| 9 54/1 94% 11 26110 46/1 
8 2318 378 4608 5519 049 149 249 34/0 
7 327 47 48|7 568 6408 1308 2218 3% 
6 36/6 436 56 5% 7 04/7 1207 207 27/8. 
34] 5 40) 5 450 5 32] 5 5816 o46 x0 6 17 6 237 
394 444 W14 544 5915 045 ogls ig] 5s 2016 
4% 3 47]3 51,3 55|3 5% 4 034 o8|4 124 16]5 | 
48, 2 51 2 54] 2 57] 3 oo] 3 03] 3 06/3 og} 3 13] 3 | 
1 55] 1 566 1 $58} 2 oo| 2 02] 2 040 2 * Ns - 
o 590 59] © x9] 1 oof 01 1 95 1 031 04 1 
o OOO oof © oOo of © ooo Olo oof © oo o | 


* 


To fnd the LONGITUDE of a PLACE, 


Sept. 18, 1776, at zh. Im. . ſun's tr. alt. 245. 0g in lat. 515.29 N. des.. x* IN. 
| 8 — 20. lat. . 31 EL cliſt. 88 29 | 


To find the Trux Time, 
Coilat. 385,31“ — , 205692 
Polar diſt. 88.29 — 0,000152 

Co-alt. 65 .55 | 9,9281444 

Sum 192.55 | 94142205 

Half Sum 96.272 19,276194 

2 Sum Cat. 57.564 9,638097 

1 2 Sum—pol.. diſt. 7 2593 þ, of 254455 
Sh 2628 


a Time by che 85 3h, 26. 04 = 51.31 £ time. 
N Fl the watch 3 _ 7 oOo Moon 8 hor. Parx. | 
Watch ſlow 0.19.04 88 24” 


| By Rule 1. in P. 4 
*. "Appt. diſt, 63% 56' 
© Sun's ap. Z.D. 79. 30 — 003339 
Moon'sap. Z. D. 69.05 — o, o 290063 
ZSum 212.31 96534328 
Half ſum 106152 f 22812172 


— 


| wee 26 45: — 195478997 [TrueZ.D. of moon 68.15 40 -.- teh +, 5- 


37 . 977357953 


— 


s, of 32. 580.23“ 


the following obſervations. 


At 4 51 diſt. 03%22'] h. „ „ alt, 
At 4 56 — 63.24 [at 510. 300205. 55 


| few my watch to ſolar time, and made : 


h. m. ſun & moon Sun' s alt. [Moon's 


Ap. Z. D. of moon 69% 05.00” 
Moon's parlx. of alt. 517.45 Wa p. 20. 


Its double isthe di of azimuth 65 .56. : [2 


Ar_5 12 — 63 .28 EE. p. 79-3909 -95 


3 | 15.00 — 190%. 14 | 


At 5.00 mean . 63 A 5 
For + diam. of ſun + 16.00 By Nautical 
Half diam. of moon + 12667 Almanac. 
For moon's alt. + 6.05 by tab. p. 19. 


© App. diſt. 63.55.51 of centers. 
For which take 63e. 56 the = diſt. 


\ 


Ref. ſubt. 2.25 by tab. p. 1. 
The dit. tub. 49 .20 : "Sas 795. 30 


True Z. D. of the ie ſun 79. 35 
Dif. of br + 3672 


"2 + ſubt. 1224 
Ln By Rule II. in P. 11. | 2448 
R: . leſſer tue Z. D. 682.15 $5 10,3933 159 7; 0-5 as 
21 cs. dif. of azim. 65.56 .46 — 9.610290] 8 9 1 7 


: t. of 4th arch 45.37.50 —19,9995455] 


G true Z. D. 79. 35. /%ͥ _ 
Rem. 5th arch 33.57. 30 
By Rule II. in p. 11. 


Co- ar. 


0, 4th; arch 45%.37/.50”—0,1553475| 
: cs. 5th. 33 .57 .10 —9g,9188154 


z ce. leſs true Z. P. 68 .15 40 —9,5686444] 


be required at ſea; for obſervations which 
|| are made, only near the truth, cannot 


| 7+ £8. of red. diſt. 63 .56 16 1 
As 28˙.1 * 900: 70" =(1/ 10%): 37 
v6 © -- 9-1 


| 3695 8 = 37 longitude. | 


Note The calculation here is not 22 to 
the greateſt accuracy, but to as much as can 


ns hg the niceſt calculations. 


T 0 find the e by the Nautical Al 


manac, in p. 106. 


Sept. 18th, Ar b. diſt. 
gie dk erna 
„„ GREAR- - 64 23 21 


In 3 h. increaſe of All. 1.2440 
Ia th. do. 028.15 
Diſt. by Eph. at 5h. 63.55 00 
Diſt. by obſ. reduced 63 15 16 

25 Dif. 1 10 


q Mu oft. Tru⸗ 


23 boy 
Ex AMPLEs of various Methods of aſſuming the Longitude the Ship | is in. 


Er rſt. True time of obſervation at the ſhip 5 h. o- 
Aſſume the place of obſervation under 0 1 1 
the meridian of * 192: o0=0O. e lon. 


By obſ, 0.37 W. fue 7, Pp. 11. 


4. 7 thus: Te. t time of obſ. * oo m. at the 
Aſſume Greenwich 1 oo 18 E. Ms the ſhip *. 117 1. 


Viſt. of the ſun and moon by Eph. 640 23 ty” 

boy Dift, deduced from obſ. 63. 86.16 

As 1695” : goo! :: 27 0g" : 14%23 'E. lon. from the Ao Dif. 0 — — | 
Long. in, by pos . ; 

Long. in, by obſervation 14 23 E. of that aſſumed. 
The Long. in is © a 

4 True time of obſ. A es „ 

Aſſume Greenwich o 0 30= 70 20 W. "ik the place of obſervation. | 

Time at Greenwich 4 30 by this aſumprion, Ao 1 
Diſt. of Sun and Moon at 4h. 1 at ah. 30m. = 63e 40 18“ For at th, the diſt. i is 629 mw | " ibs 


Ti ime, then at Greenwich 6 o 


ee dift. by obſ. 63 56 16 e 0m. Le 0 42 23 
. > z 7. 8 Wt. 0: 15 ir 9187 ”— 4,50" = 63. 40 58 5 
As 1695” : 900 : g18" : 487 86 07 W. by obſ. of that that aſſum'd. r 


Affurtd 7 30 E. Long. u in. 
Long. ia, by obfreation 037 Wo 


| Remark that this method of aſſuming your long. in, is at your option, and that the 

fame place of the ſhip will be obtain'd, as in the three aſſumptions foregoing; for it you 
aſſumè too much the reſult will bring you back, but if you HATE 1 too Uttle1 it will — * ow 

on to the place or long. of the Pp by obſervation. 


| Ex. 2. To find the Lok of a Place of Obſereation, when the Diſt. obſerved exceeds 905. 
1772, October the 19th, In the Latitude zideg. 30m. N. Longitude, aſſume 5h. =7 5 
deg; W. where the mean of four diſtances of the Sun and moon was 8gdeg. 48m. 10ſec. 
the time 11h. 30m. A. M. at the place of obſervation. 
add 5 oo for W. n W. 
) e time at Greenwich 4 30 P. M. of this obſ. 


Note. The Sun being ſo near the n meridian, the true time could 1 not be determined by 
the Sun's altitude. N 


But at t zh. zom. by watch, hs ſun's alt. was 14 a 8 
e . ref. and dip. (by p. 95) TR W.'s ; Navigation. 
1 True alt. of the Sun. 14 _ Decl. 10 24'S. 
£ Z. D. 75- 12 P. diſt, 100 24 


fl e Te o find how much the Watch i is too faſt or flow. 
| | | 95 9 D. 7 125 | | | 5 
P. D. 100 24-0, 0% 194 
Co-lat. 38 38 30—0,205850 7 | 
Sum 214 8 9,0063724 4 $2. 's 
Half Sum 107 og 9:968827 3 . 


Differences! 6 39 1954595 

By Rule, p. I 68 33] 9.6227 7 fine of 24 48˙7 — 1 
Irs ouble is 49 37=3h. 18m. 28ſec. 

Time at the ſhip by the watch 3 30 oo _ 


8 
5 
| 

- 
a 


«> 


" Watch faſt 3 11 32 


: fads a WY 24 ). 
Sun's app. alt, 25 30 ref. 2. 5 alt. 170 33 zo” 


# Parx. of alt EY 400% 


app. Z. D. 62 10 app. E. D, 72. 18 397 11 Kef. ſubt. 2 50. 
true Z. D. 62 12 * t true Z. D. 71 34 0 = dif. 5: Tf 2 
Apparent Diſt. of the * ee 50ign 89? Ei I oy as before. 
Half diam. of the fun 16 © 
Half diam. of the moon 15 37 ny. Nautical Ephem, | 
For moon's alt. add 5 by mack in p. wth 


Apparent diſtance of centers 9 20 oo WIRING 

Fe NP Or time at the Ship TY 18's SLED. 

Ti ume e of obſerved diſt. by nee 30 Aſſume the ſhip 5 1122 77. 522 is 
Subt. watch falt _ 112 Time at Greenwich 4 30 5 5 


True time of obſ. at the ſhip 18 
Aſſume the dif. of long. 5 21280 222 W. The ſhip off Greenwich, 


Aſſumed time at Greenwich 4. 1 P.M. | 
H. Deg. Min. Sec. 
By the Ephemeris The diſt at 3 E. . 91: „ 
i „ Se ws 71717. 0036 
5 The df. in J. is I. 31 . 17 in th. is 30 26% 
. 1 30“ is . 45. 39 ſub. fr. diſt, at *. 


RA: in 0 gon 0415. 55 
True diſt. at 4 30 P. M. 90 . 2 Pl, by Eph. 
| Do. at * $237 15 
The foregoing particulars are the requiſite cons "foe all the different methods of 
calculation. | 
I. R. Wappivoron's Method. of computing the Longitude by Trigonometry. 
October 19h. App. diſt, of the centers 90? 20 oo” ,) 
| Moon's apparent ZE D. 72 26 30—0,0207202 ; 
3 D. 62 10 0-0, 0533957 
| ——— 9,8083309 


1.4 


224 56 30 9,8861782 

68K; 28 15 
— — 19, 7686250 5 
40 O or 45 958843 125, ſin. of 50? o' 35 
50 18 15 XS. 


5 Its double is the dif. of at 100 1 10 
Supt. 79 58 50 


——c 


„ ée 0 . 

N 11 62 19 kes. 15 5 1 
: col, gif. az. 100 1 10— 9,2403083 28 58 95 167 W. lon 4 

we | 5 4 DP. | 18 15 45— 9,3184968 ys pears by remark 2, p long | 

"#* 8 e gr. _71 34 40 as by Rule, I Jhich added to the long. 5 ſhip 

Sum is gh arc Bo $0. 26. *. _ | was aſſumed to be in; 

3. col. ath arc 18 15 45— 0,0224452] Vi. to % 5 W. 

: col. sth are 89 50 25— 754452421 Correction add 14 16 2 W. 

: coſ. Wy Z. D. 62 12 oo 9,0687461| 2 Long. 92 og W. 


22 A : col, red. diſt. 89 558 18— 7,1364334 Taken out at ſight from 
= Diſt, by Eph. 90 24 16 at 4h. 3 om. Gals — 
* 2 * -- a6 58 9 


2, Method 


d 


The time converted, 


cu) 


2. Method by Prop. 1. Shervin Tables of verſed Sines, See p. 38 of 30 Edit. Having 
found their difference of azimuth, by the firſt Canon foregoing ; Mor by Sherwin's Rule, 


p. 31, the angle at the zenith: And having given the two ſides, and contained angle, of the 
ſpheric triangle ; to find the third ſide. 


Log. verſed line of the dif. of az. wot: 79% 58' 50” —9.916989g Rad. = 20000,000 
Log. ſine of Sun's tr. Z. DP). 62 12 00 —9,94673761133%.46/.40'' ſum of ſides 
1 line of Moon's tr. Z. D. 2 84-40 —919771534 40 .13 20 ſupt. its 
na. v. ſin. 3081,368 and 
Neo. to Log, is dons, fro —9,840880z| its Ck — — 
Nat. v. fine of 133 46“ 40“ FW As, dſt = 

the ſum of the ſides JJ 1 LIL 5 
Dif. is the nat. verſed ſine of 9986, 282 of 89® 55! 170% the red. dif. 

. . for 9985,450— 83g F OTST 125 
1 colts give 600 then WII 826 give 17” 


— 


| DM. by ET at 3h. o'—9g1* 97 567 } By Art. p. 154 of proportional Log: or n the ; 
Diſt. by Obf. at 4 3D $6417 . 


book of Requiſite Tables. 


5 „ 1 14 38 prop. log. 2 

N beer of diſt; in 3b. 4 1 its ditto 2949 

„ gives 2h. 27 11 2 
The time of the Ge? diſt. by Eph. add $028: 5: - 
True time of the Obſervation at Greenwich _ 5 27 112 p. M. 


True time of ditto at the ſhip before noon o 30 00 A.M. 


By table, p. 8. N the Longitude 17 15 w. —5 57 111 1 


I muſt Wee the Book of Tn, fold by Mr. Nourle | in the Strand, Which 


has the tables of ſines and tangents to every ten ſeconds. And the firſt and laſt 4® of the 
quadrant, to each ſingle ſecond of the Sine, co- ſine, tangent and co-tangent,—Quarto, 


bound in calf and lettered, price £2. 10s. Since the fourth Edition of Sherwin's Logarithms 


is worſe than the third, and the fifth much worſe than the fourth; this once valuable 


book 1s now of little uſe, owing to the bad management of the conductors. 
Note, When the index of the log. of a ſine. co-ſine, or verſed fine 1 is 9, there will be 5 
four places of whole numbers in the natural number correſponding. 
When the index is 8 there will be 3 whole numbers, 
„ 5 — 2 ditto 
% 1 ditto 
3 — o all decimal. 

"I Sherwin? IJ T ables, where the radius of the log. ſines is 10, the natural number to it, 
is 10000. 
3. CA LCULATION by Mr. Duxrhonx's Method. See Requiſite Tables, p. 64 

and 63, alto the Appendix to the Nautical Eph. for the Year 1772, Page 38. N 

Sun's apparent alt. 27 o!“ Sun's true altitude 27˙ 48 
Moon's apparent alt. 17 33 30 Moon's true altitude 18 25 20 


Difference 10 16 30 its nat. col. 9839,04 Dif. 5 © 22 2 
Obſerved diſtance 90 20 — its nat. n 


SGWupt. 89 40 
Becauſe the diſtance exceeds 90? the ſum 9897,81 = 25 3,99 5 55387 
| Log. difference by Table II. _ Dube. . 
No. to Log. 9852,50 - = 3:9935500 


Nat, col. of Gif, of true alts. 9 22' 40“ 9866,35 


This difference 123755 is the nat, col, of 8g? 55 16”, 
the as diſt, oy the obſervations as by the foregoing method. 
F 


5 


(86) 
* CALCULATION by Mr ant det. | See Requiſit Tables, Þ- 19 and 0 
the Rules. ; 
By Table 1. Large Sheet. . if 
Agt. 27 deg. under 17 deg, is 0993 of under 18 4 is 8943 
Agt. 28 under 17 is 1000, and under 2 is 0038 
1 I difference, * FF 7 + 2 
If 60 : 61“ :: 50 : 51 for the increaſe of greater alk. hence from 0939 
If 60 98 5 5 455 : 54 f for the decreaſe of leſſer alt. 0 ae 2 


| Difference 1 No. to Log. 124 —2,0936 
$ EE deg. m. ſec. Moon's hor. parallax 57' 207.— 0, 49680 
1 Obſerved Adds 8 20 00] Log. coſec. of 27.48 10, 331235 
| Effect of refraction. +. 8 Log. fine of 90.22 .—- 9,99999 
| Diſt. cleared of refrac. Jo 2 o8f Propl. log. 1ſt arc 26. 45 os 9582804 
1 Effect of parallix — 26 1 Moon's hor. parallax 57 20/'— 0,49680 
'S g Reduced diſtance " Bg 55 12 * | oec. of 17.30.30- —10,52166 | 
| Which is the ſame as by the other two _ T. of 90.22. o- —12,19384 
| methods, nearly. — . log. 2d arc 9. o. _7_= 321230 


EF Sos 5. Method—The Royal Attönbcbe 8 Rules anl Method of Calculation, See the Appen- | 
] dix to the Nautical Ephemeris for the Year 1773, p. 2 to 18. 


6. Method—Mr. G. Witchel's Rules and Method i in ſaid Append, Pp 48 to > 05. 


THE Uſe of the 9 Table, is to > redlies the difference between the reduced di- 
tance of the obſervation, and that by the Ephemeris, into longitude. 5 
Enter the Table with the hourly increaſe or decreaſe of diſtance, or the neareſt to it, at 
the head of the Table (the hourly difference is obtained from the Ephemeris), and in the 

column under it, find the minutes and ſeconds, or the neareſt thereto, of the difference be- 
tween the reduced diſtance and that by the Ephemeris at the time of obſervation, and in the 
right hand column you will have the longitude correſponding in the ſame horizontal line; 
which muſt be added to, or ſubtracted from the longitude you aſſumed the ſhip to be in, as 
directed in the firſt or ſecond Remark, 7 of» RE 
Ex. 1. Let the dif. be 1“. 10“ as in the 1ſt Ex. p. 22, and firſt aſſumption ; enter the 
Table under 28/ and 28“, and you will find 1.6“ and 1.15“, the mean is 1“ 10⁰% nearly, 
* which will give 0? 37 in the right hand column under Lon. 
i 2, The dif, 27/.5”, which dif. is not to be found in the Table, bur it may hs taken out 


- — * * — 2 22 - . — 
ts 2223 %„%[%mv — — — . I OT Arne, - 


at different times, i therefore take out for = - - „ 11“ the 
; mean under 28“ and 28”+, Thus 1311“ gives * 00% lon. Z ·˙ 27 06... 
„ , / CPISY 
For O 43 0.24 „„ rems. 13 4. 


For Z- tend | 2.rems. 043. 
Ex. 3- The dif, 15”. A N N 
For 13.11 is 7e. oo“ lon. 
Tor the rem, 2.07 is 1.8 
"= 8.08 "which vr the proportion in p. 235 Is ; 80, 07”. 


„ 


A TABLE | 


A TABLE to convert the Difference between the Rxpvcsr Disraxce, and that by the 


ErhMRRISs, into Loxerryps of the Eqyaros. 


The Hourly Increaſe or Decreaſe of Diſtance, being as 


„ 


rr [350 [307 131 TmTTÞ TT 

+ TS $34 2 i 246 Who #531 (bh. af0 TT TT OY een rw l aa the « wa 
C: tak At Leo lf eee % 43% 114 a4 hþ 4. ft TORE ERP TY 
0.003] 0.09 0:092 o. Ogo 092] 0.10 | 0.10] 0.10; 3 o. 10 0 o. 103 0.1 
0.473] 0.18] 0.185] 0.19 | 0.194] 0.20 | 0.20] O 205 0.205] 0.21 | 0.214] o. 
0.26 | 0.29] 0.28. | 0.28,} 0.29 | 0.293] o. 300 o. 30f 0.31 0.314 0 32 0.32 ). 


— © 2 3 


0.35 530 5.57% 8388.38 8.35 54% 0.494] 5.47 443 ©. 
| 0.43 | 9.45] 0.463] 0.473] 0.483] 0.493] o. 500 o. 505] 0.512] 0.524] 0.552] ©. 
| 9-52-| 0.54] 0.50 | 0.57 | 0.58 0.59 | 1.00 1.01 | 1.02 | 1.03 | 1.04 | n. 
| 5-01 | 1.03] 1.053 1.06 | 1.08 | 1.09 | 1.10] 1.11 | 1.12 | 1.133} 175 f. 
| 1:10 | 1. 12 1.143] 1. 154 1.17 | 1.182) 1.20} 1.213} 1:23 | 1.247] 1.26 | 
1.16 | 1.21] 1.24 | 1:25 | 1.27 | 1 2810 1. 30 1.31%] 1.33 | 1.343] 1-36 | 
1.27 | 1.30] 1.333] 1.34 | 1.36 | 1.38 | 1.400 1.41 1.43 | 1.45] 1.461. 
1.35 | 1-39] 1-423] 1.44 | 1.46 | 1.48 | 1.50 1.52 | 1.54 | 1-55 | 1.57 
1.44 | 1.48] 1.52 | 1.54 | 1.50 | 1.58 | 2:00] 2:02 
| 2.01 | 2.06] 2.11 | 2.13 | 2.15 | 2.17 2.20 2.22 | 2.25 | 2.27 2.32 
2.19 | 2.24] 2.29 | 2.32 | 2.35 | 2.37 2.40 243 | 2.46 | 2.48 | 2.590 | 2.52 
2.30 | 2:42] 2.49 | 2.51 | 2.54 | 2.57 | 3.00| 3.03 | 3.07 | 3.09 | 3.11 | 3.14 | 
| 2-53 | 3-00] 3-07 | 3.10 | 3.13 | 3.164] 3.20 3.24 | 3.27 | 3-30 | | 
| 3-11 | 3-18] 3.25 | 3-29 | 3.33 | 3-30#| 3-40] 3.44 | 3-48 | 3-52 } 
| 3-28 | 3-30] 344 3-48 | 3-52 | . 4.1: 
3:45 | 354 403] 407 | 4-11 | 4 


3-56 

| 3 | 4-16 | 

| 4-03 | 4-12] 421 | 4.26 | 4.30 | 4430 | 4:49] 4.45 | 4:59 | 4:54 459 
1_4:20 | 4:39] 4:49 14:45 | 4:50 [4.55 5-09] 505 | $:39. | $475 822 
| 4:37 4.48] 4:59 | 5-04 | 5-09 | 5-15 | 5.20] 5. 25 5-31 | 5365 41 
| 4:55 | 5-06] 5-17 | 5-23 | 5.29 | 5-34 | 5-49] 5.46 | 5-51 | 5-57 | 0.02 
| 5-12 | 5.24] 5-30 | 5.42 | 5.48 | 5.54 6.00 6.06 0.12 18 | 0.24. 

5 | 5.47 6. o 6.13 | 6.20 | 6.27 | 6.34 | 6.40 6.47 | 6.54 | 7.00 | 7.07 | 7.1 

| 6.04 | 6.18 6.32 6.39 6.46 | 6.53 | 7.00] 7.0% | 7-14 | 7-21 7.29 


| [6:2: 5.36 5.51 [6:58 [7.15 [75:13 | 7-20] 7727 | 7:34 | 7:42 | 7-49. 
| 6.39 | 6.54] 7.09 | 7.17 | 7:35 | 7-33 | 7-49] 7.47 | 7-55 | 8-03 | 8.10 
| 6.56 | 7-12] 75-28 | 7.36 | 7.44 | 7-52 8.00 8.98 | 8.16 | 8.24 | 0.32 
: 7.14 | 7-30 747 | 7-55 | 8.03 | 8.12 | 8.20] 8.28 | 8.36 | 8.45 | 8 54 
> | 7-32 | 7-48] 8.05 | 3 14 | 8.23 | 8.32 8.40 8.49 | 8.57 | 9.00 | 9.15 
f 7-48 | 3.06] 8.24 | 3-33 | 8.42 | 8.51 | 9.00] 9.99 | 9.18 | 9:27 | 9:3 
8.06 | 8.24] 8.42 | 8.52 | 9.01 9.20 9.29 | 9.38 | 9:48 9.58 


529 . 11 99. | 88 
8.23 8.42 9-01 [9.11 | 9.21 | 53 | 9.49] 9-49 | 9-59 9-09 [10-19 
8.409] 9.00] 9.20 | 9.30 | 9.40 | 9.50. [10. 10 lo. 
9.54/10. 16 [10.27 [10.38 [10.49 [11.00[11.11 111.22 11.33 [I1. 
10.24 [10.4801 1. 12 [11.24 [11.36 [11.48 12.001 2. 12 [12.26 [12.36 112.48 [13. 
11.16 [11.42|12.08 [12.21 [12.34 [12,47 13.0013. 13 [13 26 [13.39 [13-52 14. 
12.08 112.3611 3.04 13.18 [13.32 [13.46 14.0014. 14 [14.28 14.42 14.58 
13.00 [1 3. 3014.00 14. 15 [14 30 14.45 5. 00015. 15 [15.30 [15:45 10. oo 
13.52 [14 2414 56 [15-12 [15.28 [15.44 16. 0016.00 16.32 16 48 [17.04 
7 14.44 15. 18015. 52 [16.09 [16.26 [16.4.3 $7-99117:17 117-3 [17.51 [18.08 | 
— 15.36 [16.12[16.48 {17.06 [17.24 [17.42 18.0018. 1 3 

116.28 [17.00'17.44 18.03 [18.22 [18.41 119.00{19.19 [19.38 |19 57 [20.16 | 
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If you cannot take for the dif. of the diſtances out at once, you may take it out of the 
ſame column at 2 or 3 times, and the {um will be the longitude reſulting. E 
| Of 
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| of tte SOLAR SYSTEM. 


f H E parallax ® of the fin Jabs from. the obfereinions ind the 6th of Juris, 1761, 
=: ; on the day of the tranſit was 8“ 565; and on the 3d of June, 1769, on the day of 
; the tranſit, it was 8% 65, which reduced to the mean diſtance of the fun from the earth, 

gives the mean parallax of the ſun 8”,75 or 8,78, The late ingenious and excellent Aftro- 
=_- nomer, Mr. James Short, deduced the ſun's parallax from a great number of calculations; 
[i the mean of 53 calculations gave 8% 61; the mean of 63 gave 8,63 ; the mean of 21 
= gave 8”,56 and 8”,57 on the ſuppoſition that the ſun's parallax was 84“. --D 
And the Reverend Mr. Hornſby, Profeſſor of Aſtronomy at the Univerſity of Oxford, by 

| ſuppoſing the ſun's parallax 9“ deduced from a mean of 14 calculations 8% 6 and 8,65, 
whoſe mean is 87,67 from the obſervations of the year 1761. And from the obſervations 

of 1769 (on the day of the tranſit) the mean reſult, gave the parallax 8065; from which 
this Reverend Profeſſor, by the foregoing reſults, gets 8“, 78 the ſun's parallax, at a mean 
diſtance fror che earth; and the dimenſions of the lolar ſyſtem. 


8 


The DISTANCES of the PLANET 8 enn the SUN, as ; under. 


| The Planets Relative Abſolute Diſ. | By means of an acromatic object 5 miero- 
diſtances tances | meter 40 feet focus, which Mr. J. Short adapted 
Mercury | 387,10 | 36,281,700 | to a reflecting teleſcope of two feet focal length, 
Venus | 724,33 | 67,795,500 | he meaſured the greateſt and leaſt diameters of - 
Earth | 1000,00 | 93,726,900. | the ſun, and found the apogeal diam. 3-5 of 28” 
Mars | 1523,69 | 142,818,000 | | 55 and the 8 ee 3 3 
"Jupiter 5200, 98 487,472,000 | Shoe PSY 
Saturn | 9540,07 | 894,102,000 Ther mean of them 332 00,5. 75 
We ſuppoſe the fixed ſtar Syrius to be „ PDR 3 It's balf 1 is Res O0, 
2.7000 times further from us chan the .! + 5 | 
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o find the DIAMETER of the SUN | in Engliſh Miles. 


In Fig. 6. Let E, repreſent the centre of the earth ; S, that of the ſun; and UL, his di- 
ameter. 1 hen in the right — 0 triangle, ESU, are Sven ES, and the angle UES, to 
find SU, 

As R. : diſt. 9372690 7.978643 5 And the 8 Ae the canh be: 
: 8, of 4 diam, 0* 16.00% 25 7,6679575 ing 7970 miles; as deduced from the meaſures 
— Jof a degree of the arches of meridians. Hence 
: 2: the diam. 436336,5= 5,0398218 | 7970 | 872673 | 1097 times, that the diame- 5 
Hence 11. 3 is the diam. in | ter of the ſun is greater than the earth's. But 0 
Engliſh miles. | from a mean of a number of the meaſured 
diameters 95 the ſun, with micrometers, there reſults for the diameter. 32 02“, and of the 
planets, reduced to the mean diſtance of the earth from the ſun, as are in the following table; 
and from which J have calculated their abſolute diameters, cireumferences, and ſurfaces. The 


mean angular diameter of the ſun 320 „02, gives his diameter 109,58 times that of the 
earth's. | FR 


On 


* The arallax of the ſun, moon, or lar, is the FUSES at the equator, that ſemidiamer being ee: b 
greateſt. | | 
THE OS 


60 


On the 175 & the tranſit 1769, the relative Ane of * Sun from the earth 


WAS - — 101512, 
And of Venus from the ſun 72626,3 


Ot Venus . the earth Tein, 


The apparent diameter of Venus was 57,8' 
meaſured on the face of the ſun; but the ſphere © 
of Venus being ſo ſtrongly illuminated, which 
in ſome ſmalldegree mipht leſſen its app. diameter. 
| We therefore take 58“ for the diameter of Venus; 


| Whence, if 101 512, 6 give 8”, 6; the relative mean diſtance 100000 will give: 8/73 
0 if ditto give 0”, 6553 ym ditto 100000 will give 1 
on the mean is 8,755; 
but v we will take 35 for the PTY "Ri of the ſun at the n mean diſtance from the earth: 
And it will be, as — 58” 100 1675388 
95 and 57 8: - : 16 ,69628 
. a 16 725 d diameter of venus. 


Log of ſan? s mean > diſt. 79718643 $5. 
15 of — 16. —.— . ,36 = 56070798 | 


— 


+ . of * 3792, 66 = 2 81 Y 


diam. of Venus 7585,32 


9 of 3. 1415926530 = 99 493 


Diam. 7585, 3 = 30799790: 
| Perphery 23 3530 = = 453771227 
Surface 180757125 | =8 22570955 


By the ſame method of calculation I have obtained the diameters peripherys and ſurfaces 


of the otuer 3 


„iamcters Teduced to the mean[Equatoreal diame-| "Pio i W Surfaces u miles. | 
diſt. of the ſun from the earth, ters in minutes. | miles. 1 
Of the ſun - 32 oz”. — 87335594 | 27437222 773965 241,111,110 | 
e TVC Ty 199,550, 345 | 
=; moon... 0 04915] % % do: 15,566,836 | 
— Mercury CV 3148, 2 92390, 4 31, 136,843 

— Venus - 0 16,7 . 7585-3 23330,0 180,757,125 v2 

— Mars 0 11,4 | 8162, 16208, 5 83,728,000 | 

— Jupiter - 3 1397 38000, | 2764600 | "249,186,000 

— Saturn - 2 51,7 1278020, | 2451070 | 19,123,253,000 | 
1- —Saturn's ring 6 49:6 8 181980, o A | £13740. = 104,049,000,000 


And 109,58 eubed i 18 131 5812 who bulk of the fun, to as carth 139 


"RATIO of the PLANETS, © that of the EARTH being 1. 


Dlameters. Surfaces, that of the earth's. BE 5 
ä 109,58 LON 11982 times greater than the earth's” © the Sun + 
RW — 1 £ 48 the Earth 
7 3 or 13 times leſs than the earth's | » the Moon | 
5 0,395 | os or 6 times leſs than the earth's $ Mercury | 
-L | 898 l err leſs than the earth's | $2 Venus 
"6 0, 648] ro or , not half the earths. | & Mars 4 
* 11,04 | ——125 times the carth's ſurface | 2. Jupiter 4 
„„ — 96 times ditto « 5 h Saturn. | 
|Ringof b 22 2,830 520 times ditto A = 2 


The Sun is 1 millton, 315 thouſand, 812 times bigger than the Earth, 


— LEN — — 5 * 
* — — — — 
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( 30 0 
REMARKS. Of the DzcrEase of the Ontrpiry of the Ecuiyrre. 
25 The annual preceſſion of the equinoxes being 50%3 as by Mr. Mayer, or 50”. 18“ in 


60 years, The obliquity of the ecliptic in the year 7 56, was 239.28“. 16% ; and in the year 
21790, it will be 23%.287. And, fince the decreaſe o 

7 in 913 years, therefore in 7826 years, the obliquity will be 1“ leſs; and in 180000 years, 
the obliquity will be 23e leſs; and therefore only 287 obliquity, or the greateſt declination 
that the ſun will then have, according to the tables of our modern aſtronomers. 

2. When this happens, the days-and nights will be equal all over the habitable earth, all 
the year round, and for many thouſand ' years, the variation will be very little, ſince the 


the obliquity is 1' in 130+ years, or 


decreaſe is ſo little as 1 in 7826 years. Whence in the year 181790, the obliquity will be 


only 28 minutes. And in the year A. of 185443, the planes of the equinoctial and — 
will TT and therefore no . nor variation in the length of days. EPS 


F 710. 7· is a repreſentation of the planetary ſyſtem. 


E 8˖, the ſun i in the centre of the univerſe, i. e. of this Syſtem. 
Period round the ſun, relative to the iſt point of Aries, 


8 a, the Orb of Mercury _ 87 days 23 h. 14 20, As 365% 50%; 3 :: 88 days 
| L 2 b, the Orb of Venus 224 20 47-437 4 F211 that the ſine advance 
K E, — of the Earth | 365 5 48 48 | in the time that makes a 
1 et, of Mars | 686 22 19 oo | revolution, which gives 1 m. 
1 of Jupiter | 4330 12 27 oo | 1ofec. of time, to be ſub- 
QA — Saturn ©] 10747 2 50 0 | trated from its ſiderial period, 
rst, the ſphere of the fixed *, | be I * to obtain the true time of its 


period to a fixed point. See De la Caille's Anrede ſect. 3, art. 6. Theſe are called tro- 


ical periods. The time of the moon's periodic revolutions are longer when the earth is in 


its perihelion, than when in its aphelion. The mean periodic revolution of the moon about 
the earth is 27d, 7h. 43m. and the ſynodic 29d. 12h. 44m. 

I.. That g and 2, revolve about the ſun, is evident from their moon Bika appearance. 
When they ſhine with a full face, they are in reſpect of us beyond the ſun ; when they ap- 
pear half full, they are at about the ſame diſtance as the ſun; when horned they are nearer 

to us than the fun; and when either of them paſſes between the ſun and us, and has then 
only a ſmall quantity of lat. the planet will then appear like A ſpot on the ſun, as it tranſits 


over his diſk. 
2. That Þ, , and 3 ſurround the fo and the earth, is evident by their ſhewing full 


rows when near a conjunction with the ſun ; and the ſhadows of the ſatellites of A and Saturn 
that appear ſometimes upon their diſks, make it Plain that the light they ſhine with, is not 
their own, but borrowed from the ſun. See Motte's tranſlation of Newton's Principia, vol. 2, 


P. 209, and the following pages. The primary planets, by radii drawn to the earth, de- 
ſcribe areas no wiſe proportional to the times, but that the areas which they deſcribe by radil 
drawn to the ſun, are proportional to the times of deſcription. The moon by a radius drawn 
to the earth's centre, deſcribes areas proportional to the times of deſcription nearly. 
P. 220, Prop. 6. Theo. 6. That all bodies gravitate towards every planet, and that the 
weights of bodies towards the ſame planet, at equal diſtances from the centre of the planet, 
are proportional to the quantities of matter which they ſeverally contain. 

Prop. 21. The equinoctial points go backwards, and the axis of the earth, by a nutation 
in every annual revolution twice vibrates towards the ecliptic, and returns to its former 


poſition. 


Prop. 24. The flux and reflux of the ſea, ariſe from the actions of the fan and moon. 
The force of the moon to that of the ſun, in raiſing the tides, are as 47 to 1 nearly. 
Prop. 39, To find the Preceſſion of the « equinoxes. | 


To 


E 


and to fall fully on that which lies upon the quickſilver; and ſo, that in the time of obſer- 


1 


To find the Al. TI TVE of an Ogjzcr, as a Houſe; a Tree, an Obeliſk, or the 


7 


like: Alſo to find the ALTITupRE of the Sun or Moon, by obſerving with a 
_ HavrExvy's Quadrant, Sextant or Octant, and an Artificial Horizon. | 


| ARTIFICIAL HORIZONS may be of various Kinds. 


- BY 1 true plane glaſs floating on quickſilver: The box to hold about one pound of 


quickſilver, for the glaſs to float upon, and it may be either round, ſquare, or 


n 


2. The glaſs plane, mounted in wood or braſs, with three ſcrews to raiſe or depreſs it ſo 


as to ſet it level by means of a ſpirit level. . 5 5 
3. A baſon of water will do very well where the obſervation can be made out of the wind, 
And fo that its ſurface be at reſt, or without motion” s. 5 
: 6 The principles of this method of obſervation may be demonſtrated by the following 
figure, og ng dn nw Oe gow TORO of nd ry ay IVE Wu ets ey wet, 0 


The ARTIFICIAL HORIZON adapted for the taking ALTITUuDEs at Sea, is as follows. 
A piece of mahogany wood, one inch thick and 10 inches ſquare, with an oblong part cut 


4 cout from its middle, about 4 by 3 inches, and e of an inch deep; with a hole made in one 
corner, for to let the quickſilver out of that baſon, into a bottle, through a hole paſling 


through one of the fcet, which is ſo made as to go a little way into the mouth of the bottle; 


and when it is to be uſed the peg is to be put into the hole; and then pour the quickſilver 


into the baſon, and put the glaſs plane upon it; about this baſon is a groove, the depth of 


the baſon, and about + of an inch wide, for receiving the quickſilver when it happens to be 
thrown out of its baſon by the jerks of the ſea. Some people uſe it in this manner; but if 


they were to have a frame made, ſuch as that its parallel ends (whoſe baſe is about 


8 inches) and the ſides of theſe ends of the frame, to make a right angle at the 
upper end of the frame where the parallelogramic ſides meet; in theſe ſides are to 


be fixed two glaſſes of a convenient ſize, for the rays of the ſun to paſs through, 


vation you may obſerve the ſun's image reflected from the index glaſs, to the object glaſs, 


and from thence to the eye, to be made to appear to in the ſame line as the image of rays 


which come from the ſun, and paſſes through the glaſs of the frame in the further fide, and 
falls upon the floating plane, and from it, is reflected to the eye; and when theſe images are 


made to appear to be coincident, or face upon face, then you will have the double altitude 


cut with the index of your reflecting inſtrument. 3 i 
Ex. June 13th 1778, at Dock Town, Plymouth: Its Lat. 50? 225 N. which is 1'N, 
F og; + Rem Rn. .E- -N ; 2 


Doubleatt.hſ. 45" 2% g. P. J. 17) | Tous. 77 55, NW, 


App. alt. 22 45 | C. L. 39 39g | Mag. 55 40 NW. 
| Ref. ä 2 . Diſt. 66 40 Variation 21 58 W. 
True alt. 22 43] The 14th in the Morning Var. 22 20 W. 


* 


— 


bg, Ihe Zum 44 18 
1 15 he half ſum is the true variation 220 w-. 

i Plymouth Sound I found the var. by taking the mean of 12 obſervations, to be 225.08“ W. 
In the year 1772, the variation, as obſerved by Meſſrs. Wales and Bayly, was 21.13 W. 


high water in the ſound - 5 h. 15 m. full and change day. 


And at the dock 5 45 — 
| The 


Note. The glaſſes in the frame to be true ground, and their planes parallel, 


inſtrument, till you ſee the ſun's 


5 and leſt hand. 


1 


The METHOD of MEASURING ANGLES with REFLECTING INSTRU- 
MENTS, {ſuch as OcranTs, SEXTANTS, &c. by which the ALTITUDE of the 
Sun and Moon may be taken both at Sea and on Shore. . 


IEEE USTRAT ION. 

E HO repreſent an horizontal plane; AB, a baſon with quickſilver and a glaſs float- 
2 ing upon it, whoſe planes are truly parallel to each other, the baſon ſupported by 2 
| Nool or the like, 2 or 3 feet above the ſurface the obſerver ftands upon. Let C, be the 
place on the floating plane, where the image of the rays falling from the fun or moon in 
direction NC, on the point C, and reflected to the eye at E; bring your inſtrument into the 
line E C, and fo that the eye vane may be cloſe to the eye, and object or horizon vane, as at 
1, through which you are to ſee the image at C; then move the index upon the arch of the 


image which is reflected from the 
index glaſs to the horizon glaſs, 3 
--and from thence: to the eye, ,, 
appear ro coincide with the image E 
reflected from the floating plane 
(hen the ſurface of one image — 
appears to cover the other) then 
the obſervation is made; and this a 
may be known by gently moving a | 
the inſtrument towards the right 
and the left, when the image re 
flected from the index glaſs, will II 
move over the other to the right 


By the figure. Let G, be an object whoſe rays fall upon the index glaſs (I), theſe rays are 
parallel to the rays or image reflected from the object glaſs to the eye, at the eye vane; and 
becauſe the angle of altitude is equal to the angle of reflexion, and that line of rays ſo ele- 
vated are viewed with an equal quantity of depreſſion (= the Z of elevation) conſequently the 
double of the 4 of altitude is by this method meaſured; the half being taken, and the 
refraction from it, the remainder will be the true altitude. And becauſe all angles of altitude 
are by thoſe inſtruments meaſured by the quantity of the E contained by the direction of the 
: 3 an object and the plane of the horizon, is by the artificial horizon evidently its 
JJ e N 
By the principles of reſſecting planes applied to thoſe inſtruments, the rays falling from 
the ſun or other object, in an angle of 45 above the horizon upon the index glaſs, and that 
glaſs being perpendicular to the horizon, the rays will by it be reflected in direction 45 
below the horizontal line; but if the index be more than 4 of a circle or 45 upon its arch, 
then the perpendicular of the plane of the index glaſs will be more than 45 above the hori- 
zontal line, and then the image of the rays, viewed horizontally, is more than 4 56 below the 
line of the perpendicular of the plane of the index glaſs; therefore an arch of 45 meaſures 
double that quantity (90): For fince the horizon glaſs receives the rays from the index glaſs, 
and it reflects them to the eye parallel to the line of view, hence the principle is evident. 


The 


Is, + 33 b 


| Of SURVEYING COASTS and HARBOURS. 


| \HERE are various methods, and various kinds of Inſtruments, with which this is 
1 performed. 1 5 ha 

Thus, Land Surveyors make theſe ſurveys by means of uſing a Gunter's chain, and theo- 
dolite, or plane table; but ſeamen generally uſe the azimuth compaſs for taking bearings; and 
a log: line, in length 50 or 60 fathoms, or more, together with an offset ſtaff, for taking 
diſtances, from places in the right line they are meaſuring, between one ſtation and another, to 
the coaſt or high water mark. Theſe dimenſions are kept in columns as in the following Field- 

Book. Having viewed the coaſt to be ſurveyed, and remarked the places for the ſtations, 

alſo provided a number of object rods or ſtaves, which may be of fir deal, fix feet long, and 
14 inch ſquare, with a number of boards about a foot ſquare, painted white, and with a 


- wooden ſocket to each, ſo that they may be made faſt upon the tops of ſuch object ſtaves, as 
_ occaſion may require, and when a ſtaff is fixed at a place, let it be ſo that the board may face 


the ſtation from whence it is to be viewed; diſpoſe of the other rods in like mannner. Some 
tie pieces of white bunting to the top of the rods, inſtead of boards. _ 
In this meaſurement, there ſhould be 3 or 4 aſſiſtants, to wit, the principal with his azimuth. 
compaſs (with a card that traverſes well, and that has a nonius or. ſtop to its card), one: 
aſſiſtant to lead the line, and another to follow it, who is-to take up the pricks, which the firſt. 
puts down at the end of each line; the third aſſiſtant to meaſure perpendicularly. from the line 
to ſuch points of the high. and low-water marks of the coaſt as are neceſſary, the fourth to: 
to take up the rods when done with at any place, and ſo on from rod to rod, on the coaſt ;. 
another aſſiſtant with his rods, and men. to attend him in a boat, at low water time, to erect 
them upon the extremes of ſands and rocks, and to be removed from place to place, accord-- 
ing to ſignals given him from on ſhore © | F 
A marine mile contains 6072 feet =. 2024 yards = 1012 fathoms Engliſmn. 
But 1760 yards: 2024 yds, : : 72 inches: 82,8 the inches in a fathom, ſea meaſure, 
and 880 ſuch fathoms in 1 ſexagenary mile, and 60 to 1“: hence 1 fathom contains 6 feet 
10 inches and . And becauſe all ſea charts are plotted by a decimal ſcale of miles, it will 
therefore be neceſſary for the meaſuring line (properly adapted) to be divided into decimal 
parts of a mile. I ſhall therefore recommend the length of the line to be uſed, to be the 


| hundredth part of a ſea mile, which } © Therefore the decimal fathom is 72, 864 inches. 
is 60,72 feet. = 1lne | - Allo the decimal parts of a line CO 
60755 |=: 19: lines * or „1 of a line 6,072 feet , 6 of a line= 36,43 
enim. i ] uIlln! me , 42, 80 
| 8 . 18,21 | ,8. | = 48,57 | 
J 8564. 
Some uſe a log- line, each knot = 50,6 feet. 
. 12 knots =. 4% of a mile. 
120 knots = 1 mile. 


But the line which is 2 Seth part of a ſea mile, or 60 feet, 8 inches, and 6 tenths long, 
being divided into 10 equal parts, 1s a decimal line of meaſures. | 55 
Ihe off. ſet ſtaff = 6 ft. 0,86 in. or 72, 86 inches. 


H. 1 5 Suppoſe 


n 


849 


re you meaſure with a line of 2, 3, or 4 times the length of 60,72 feet, it will be 
beſt to reckon each part of ſuch line to be a line, this line may be marked with a piece of 
packthread at each fathom, by tying as many knots on the thread as it is fathoms from che 
aft end of the line, and at the tenth a piece of ſtrong leather with one ſtring tied to it, and at 


the twentieth to tie two ſtrings, and fo on to the other end; then 0 line will be decimally 


divided. 


Thus 10 parts is 1 line „or of a mile 


10 lines is 78 of-a mile =' 4x _. 
And 100 lines 1 I-44 lien 


Hence 4577 ex preſs . 
And 554 cy" 1 


By chis method the ſea coaſt meaſure will agree with the {ea chart ee but the 9. 
ſurveyor s meaſure of coaſts in miles of 1760 yards each, is the cauſe why by —_— near a 
coaſt from one point of land to another that the ſea and land meaſures ſo much differ. 
Remark that the baſe for obtaining diſtances ſhould not be leſs than one tenth or one 5 
_ twelfth of the diſt. of the ſtation where you are, to the place of which the diſt. is required ; alſo 
when the bearing of any object makes a ſmall acute angle with the baſe, from both extremes 
of it, that the place of ſuch object will be badly determined, "wo reaſon of the interſection - 3 
| of the two poſition lines being ſo acute at their meeting. DH 
Sea coaſts in molt places are compoſed of rocks, hills and valleys, and in ſuch«circum- 
ſtances baſe lines cannot be meaſured along the coaſt from ſtation to ſtation, otherwiſe than 
meaſuring as the ground will admit (to by ſtations), as will be ſhewn 1n the following ſurvey 
and plan: But after all that can be ſaid, much will depend upon the judgment of the 
artiſt, as a great many varicties will happen, in making theſe ſurveys, that cannot de 
deſcribed within ſuch ſmall limits as are here preſented; yet if what is here ſaid, be well ; 
underſtood, Lands rait may ſeldom want my thing further « on this head, 15 


F IELD-BOOK of the 1 of th Coat Go Chiceſter harbour mouth to the Bill 
of Selſey, and from thence acroſs Selſey harbour to Arundel harbour; together with 
the poſition lines, or bearings of various parts of ſands and rocks to the Southward of the Bill 
called the Male Owers, which 1 is a hard black rock neareſt to the Bill; and South of it three 
quarters of a mile, is Piller Rock; and EbN. of Piller Rock, are the Shoals Rocks about 2 
miles and a half; between the Malt and Piller Roeks runs a ſtream called the Looe Stream; 
and SSE, from Shoals Focks is Eaſt Borrowhead and the Sea Owers a black rock; over 
this rock runs a prodigious current, the flood tide lets over it EN . 


At the firſt ftarion, with my azimuth compaſs fa upon its three-legped ſtand, PR feet 
high, and with the North point of the card 22® NW. (upon the top of this ſtand is a ſquare 


Era), with @ rim which ſtands up about an inch to keep the wooden. box of the compaſs | 
m 3 


FIELD. 


2 


4 


38 . 


. D „ 
The firſt ation line bears - = [a2*%4o SE. |: | to parts make 1 line 
% (ß ˖⸗ Diſt. 50 lines 100 lines = 1 mile. 
The iſle is 2 lines long and 1 broad | Diſtances |Offsets to H. and L. Water marks. 
ff . npßß77ß77 houte. 
1 4 lines and parts to belt. 
e „e, law water mark. 
Note, the true meridian is 229.30'E,| 136 | 2,1 H. W. bank 
from the magnetic North, 276 Do” 
„ : , Re |: 21,5 do. 7 20, 5 0x. do. is 42. 
„ „ "PE The iſle holy 525 NW. 
24 ſtation line beats [248.30 SE. | o 3d ſtation. i 
ee ee e I 38 Foto H. W. bank. 
1 1 
1 nr e 
e [oz | 
3d ſtation line bear- - | 3%10' SE. erte to the tail of Selſey harbour. 
5 5 | 45 20 00 H. W. bank. 
EE TTT 
120 | 66m do. 
Tor return to this — 0 4. he church b and mil b, in one, 
4th Nation line bears - - - - 1379.50 SE. 
5 t to H. W. bank. 
n o do. 
£th ſtation line bears s 929 .00'NW oy 
ee ELIT FFF 
60,7 F 
| | | | © 5. 7 
eth ſtation line bears = 675 10 NE. 
Aa 39,0 56 to bank. 1 
1 48,9 - - 1r9;7 todo.  Fiſhermen's houſes 
14% o on the bank. FR 
T o return to this ſtation 0 N. B. The bearing of the rock, &c. 
"th Ration line bears - .- - - [55%5" NE. are to be taken from ſtat. 4. and _—_— 
| 66 46 to bank, which runs from laſt ſtation, 
1 bowing to ſeaward. 
3 3 0 8. EIS 
Ich ſtation line bears - - - 34.10 NE. 
ns EGO. 
ir to bank 


O denotes ſtation, 


W. * of Inner rocks and Sea Owers 10. 35 SW. 


Seaward limit of Bogner rocks - [82 .30 SE. 


(36 v 


oth ſtation line bears E. 
Joins the neck of the harbour 3,3 
From ſtation acroſs the neck 18,0 ][» 6 to bank: 
40, | 4 to do. 
57 16 
80 10 
120 2 
0 r 21 The bank runs waving inwinds and 
4 4 . = and theſe offset are e the leaſt 
F 


diſtances. 


Icth ſtation line bears - - J. 00 SE. At 5 we paſſed the neck of Selley harbour 


| which 1 is 12 lines wide. 


e 1160 2217 paſſed 3 fiſhermen's houſes.. 
© 9 lines to Middleton church | 246 |12 to bank 
And 4 to a large houſe | 363 ſio to do. j bending i n and out N 
11th ſtation line bears - - 44. oo SEE. 
1 FF 380 12 to bank, 3 
; 0 3 | RNs 1 
| 12th ſtation line bears J. oo SE.. 
ö ' 
. 
; 13th ſtation line bears -_ +,» eee 
e -:- 4.4 to hank; - 
Little Hampton cls is on the 7 1 
Eaſt fide of the haven. | 1257 Joins the haven of Arundel. 


—Rerurned to Tation 4. Bearings raken 3 eee 
The S. part of Chicheſter ſnoals 42 NW, in this line at 100 croſſed the ſhoal; at 1 39 the 


ſhoal to right hand 42 lines, and at 260 to ſhoal 47 lines. At 386 joined the ſhoal. Ar 
460 the line, left the ſhoal; and at 550 we were in direction of the E. part of the iſle; this 
line was meaſured with the line and half minute glaſs, in the boat; after the ſoundings were 
taken upon the ſhoal, and poles put up at various places near the ſkirt of the ſhoal.— This 
method being well known to ſeamen, therefore no occaſion to ſay any thing more about it. 
In like manner, having ſet up poles at ſuch parts on the ſands and rocks, whoſe bearing are 


to be taken, as follows: Pillar Rock, W. fide bears 252 SW. The neck of this rock bears 
7 SW. which is right acroſs the Male Owers, the diſt. between theſe is 1 mile and quarter; 


the Pillar Rock and Sand is 110 lines N. and S. and this extends to che Sea Owers and Cat 
Borrowhead, which is 5 miles and a half; as per plan. 


Sea Owers, 225. 30“ SE. which paſſes the Weſt end of the innermoſt ſhoal rocks... 
N. end of Borrowhead 37. 100 SE. At O 7, | Returned to ſtation 7. 
The Weſt part of Pillar Rock - [58% oo SW. Which line croſſes the Male Owers 
Neck of pillar 36 .15 SW. 4-58 middle of the inner rocks and the 


Sea Owers, S. by compaſs. 
Eaſt part of the inner rocks - 110.10 SE. 52 


North end of Eaſt Borrow-head 1 35 25 SE. 


Station 4 bears 1 — $3 oo SW. Diſt. 220 lines, or 2 miles and 2. 


— 2 


F ö 


1 
: 


's 


the 


of 


the azimuth compaſs, and that the conſtruction of the plan may be drawn from the interſec- - 1 
tions of the poſition lines; as will evidently es aca by the following conſtruction ot the plan 


to the baſe line, to the high and low water marks. 


; 37 ) 


Or COAST p HARBOUR SURVEYING. 


AVING taken a view of the Phice, and parts of the ſhore, the plan of which is to be 
drawn; alſo noted the places where your ſtations are to be, from which you are to take 
the bearings, and to meafure the diſtances between the ſtations, and the nearer to a level the 
better; for if there be any aſcents and deſcents, ſome allowance mult be made in the mea- 
ſure : Remark, that you muſt ſee the place of the ſecond ſtation from the firſt, the 3d from 
the 2d, and ſo on—Alfo, that from ſome two of the ſtations, each ſignal and flag -{taff erected 
on the ſands, ſhoals and rocks, muſt be ſeen, in order that their bearings may be taken with 


from the Field-book thereof. 
Note, that ſome of the places on ſhore, in this plan, are denoted by ſmall letters, ; thoſe i in 


and about the harbour and bay, with capital letters 3 and the places of the ſtations by figures, eos 


in order of the ſtations. _ 
The firſt ſtation line AB, is the principal baſe for obtaining the plots of the ſands, by the 


interſections of the poſition lines: See the plan. Having fixed the azimuth compaſs upon 
a ſtool orjſtand, and finding its needle to traverſe well, I then turned the compaſs till the thread 
(or the like) in the vane next the object, appeared to cut, or to be 1 in the line of * Afection 5 
of the Tower Church at a, which bore 4. 30 NE. | 


The wind mill b—889., 40 NE. The extreme of the baſe B SHY = 895 30 SE. 


The ſignal on the ſand 2—72 SE. flagſtaffs on the ſand y ._- 65.30 SE. 
The ſignal on the North point of the long 28 JJJ— ... 00 
The points T, of the land of the e 51 20 SE, 
Ihe Faſt and Weſt parts of the iſland s 335 0 8E. 
The point C, at the Weſt end of the fand - - = 47.00 SE. 


Meaſure of the firſt ſtation line from A, towards B, with the offiets meaſured perpendicular 


to H W. 2]to L. W. 10 fathoms. Note. HB. W. denotes high water mark 
F 8 L. W. low water do. bo 
— 10 ng 
— 201 - 25 at R, the Tower Church 00 bean N. by compaſs. 
"The N. point T, of the ſand, and the ſtaff U, in one, bears 290 300ʃ SE. 
The point C, of the ſand, South. 


2 7 Bearings 1 C of the cs: 505 20 SW. 
. 5540 — 25 — 55 NW. point of the iſland 8 54 45 SW. 
1762 — 21 — 311 The ſtaff — V — 47 .05 SW. 
875] — 13] — $52] I be point ES W — 431.20 SW. 
925 — 30 — 6] l be point X — 17.00 SW. 
975 — 25]. — - The W. point— Y — 20.25 SE. 
1000 — 32 — 82 The point: 2 — 2.10 SE. 
B 1070] — 25 — 110 AT the ſtaff  ———— F — 66.00 i 
2 — | | the ſtaff 3 | 8 47 NE. 
1127 — 2 viſt _ the ſtaſſ —— 2 — 20.25 NW. 
. h 
8 + and joins C, the SW. point of the harbour, 1 
8 1 | Meaſures 


3 


Meaſures from C to P, bearing 209.25 NW. 
At 50 — 14 H. W. bank; 27 L. W. 


6 125 — 12 — 24 5 
„ — 27. 
D 260 — 15 A. 


— - 


'Dto © g. bearing 405 NW. 
At 56 — 50 HW. 
5© 136 — 18 do. 

O 5 to 6, bearing 35 730, "NE: 
At 86 — 1 to H. W. bank. 
126. w_ 5 

136 — — 25 joins H. W. bank, on the ak, continued to 62, where i it interſects the 
= bank perpendicularly, the Point runs to the right 25 fathoms. 
175 — 76 to bank. | 
e 

ws Ot. 
60 450 — 115 to river, acroſs the river 44, continued ESE. 52 to ſtat. 7. 

8 7 to 8, bearing 85.107 SE. 

Bearing to the point of the bend 2 5 o SW. 

Meaſure 70 to the right hand offset to River 26, 

left hand do. to River 22 to the turn of the inlet. 
136 to the wad of the peninſula, 7 


; © 7 to 8, At 56, tothe turn of the inlet 27 to the right hand. 
At Too, to river 25 
„ 195% © N. 335 
An e 25. 
. 
290 to che left 4 80 the SW. corner of che Town-warchouſe | on the e Keys, 
_ Cuſtom-houſe and town. 
8 235 to R. — 12] Bearings of, by ſtations, or points. 
8 ſtat. — wy. to R. — 9, In 7 flat. line, at 86, the point of land on the W. Tide 
and tat. 5, in one. 


7 


—— 


1 


Sat. 55 to R. 


At ſtat. 9, ſtat. D bears 689. 30 SW. 
Ditto church 0 89.30 NE. 
© gt to 10 at 274 to R. „ At F, che extremes of the ſand ), is S. 11 W. 
303 to R. 300 and 8. 23: W. 
400 to R. 


The Eaſtern part of Long Iſland due S. 
Caſtle 424 to R. 20] At G, the extremes of ſand z, 15 and 245 SW. 
H. W. bank 484 to R. — 22] At ſtat. 12, the W. and S. parts of Baſon Ifle 60 SE. 
10 ſtat, 8 526. I At ſtat. 14, the W. part of the iſland S. 9 W. 
e At 112 (5) is 14 ſtat, line, the W. end of I. S. 9 W. 
At ſtat. 15, the 8. Part of the iſle S. ih W. 


TIT il + 


Note, R. denotes river. = 


392) 


© 10 to 11 at 100 to left 30 H. W bank to right 25 L. W. mark, 1 
4240 d 2475 © 5 


140 to do. 27 i 
L | 200 to do. 17—and to . W. 34 on the right. 
274% £900... .5-:, 
Sand 2 330 to do. 2, The extremes of ſand z bears 
490 to do. 70 to the right, L. W. 30 


586 to do. 56 do. 26 "yt 
. g de. $4 - doo. „ 
11 Nat. ie 0. e 14 
"Continned 730 to do. 36. LIE 
786 to do. 76 de. a8 
5 830 to do. 37 joins the SW. point of the entrance into the winter harbour 
ä _ — for the ſhips. Returned to ſtat. 11. 
© 11 to 12 at 86 to bank on the right 166 . | e 
1 146 nt. Os which bank runs in e W. 10 as to meet 
„ :-- - 90. 27 the laſt meaſure rounding, 
247 to Gs... 1 3 | 


12 : ſtat. 1 95 275 


— 


of 12 to 13 at 23 to 5 bank: x op 
150 Joins the bank, To; 


© I3 to 14 at 70 the wok of . river, which runs into the baſon. 
© 1 4: acroſs the river 27 to the right, 36 to the bank. 
CCC bajon_ 144.0 
1 At 200 to do- 14 
Is flat - > 29 „„ 


© 15 to 16 at 34 1 to ban 4 12 


16 ſtat. FT cf 90 „„ 
Stat. 15 to 0 17 "a: to > hain 1 
5 go todo, 16 
17 flat. — at 128. | | 
© 17 to 18 at 30 to 1 „ Leek 
$ q 1 8: 3} 17 ſtation line FO Er 2 
18 RT At 100 to do. 12—At 145 to bank of the bay 46, at 346 inter- ; 
— — ſeels the bank. 
18 Nat. to 7 Eaſtern part of the pie of the baſon, 
Otffsets, left hand, Diſtances from © 18.] Offsets, right k hand. | 
To bank of bay — 10 — 30 — 46 to bank of the bafon.. 
See the Sketch in“ 4 3% — 1 = 38 
the Field boek „ |) Wing: 32 
20 and - of — 1 — 36 
20 — 266 — 


30 a rounding point at 276. 


Dimen- 


(4 9: 
1 1 Dimenſions taken upon Long Sand. 
Offsets left ſide; | At point X. Offsets right hand fide of Wen line, 
Stat. I, line 8* SE. | 


„„. P 
r <7 63 | 
76] — 200 —| . | 
| + 250 —| 20 ' Remark that 560 40 SE. 
. — co — — 3 Or S. 55.40 E. 
Stat. 2 line. e Aendeen the ſame, and is ſo uſed 
2 5% 40' SE. 65 308 by different authors. 


_ 27 
2». e Pals 11 6h 
106] — 526 — | 28 
77 — 600 — | 34 

77 „ | — l Foits the E. end. 


| Bearing of ſtation lines. 
From ſtation | 7 to 8 80. oo! SE, 
| 8to 9 | 34.20 SE. 


To W. Fn 36 at go" : 


9 to 10 | 21.15 SE. 5 
18 CO: 11 es i 
I 0 18 1 <0; E. 


13 to 14 55 oo NE. 

14 to 15 | 88.40 NE. 

15 to 16 | 37. 0 SW. 

4 to 17] 87 .30 NE. 

5; to 18 20.00 SE. 
From 18 ſtat, to the W. point of Peninſula. | 74.00 SW. 


i. Note. The figures wrote in the bay and in the harbour are the depths of water, at the 


time of low water, in fathoms. 


2. The angular diſtances of objects, . in refoatk of ck other horizontally, may 


be taken with a Hadley's Sextant, or like inſtrument. For example: From the point F, the 
Y = 120. 30%, and if the bearing of one of them be known, the other will alſo be known, 


3. AtR, the bearing of ſtaff C, is S; the angles meaſured with a reflecting inſtrument at 


5 K. 28 Cr, 2 A, CX, Kc. will cn bearing in reſpect of the magnetic meridian. 


4. The angles meaſured with this inftrument, when the objects are oblique to each other, 
will be too great; for in this caſe, the oblique angular diſtance is meaſured, and not the 


Horizontal. 


5. Tbe point of the darts ſhew the courſe of the flowing of the WS: 
6. At the entrance of the harbour is KI, which ſhews the time of ugh water there, on che 
full and change days of the moon, to be at eleven 0 clock. 
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